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Privie Council, and Lord Lieutenant 


of the County of Buckingham. 


My Lord, 


SO FZeſe Works of the Learned Gunter, do 
naturally and of right, addreſs them- 
9 ſelves to your Ffononrs Patronage : ha- 
ving been originally Infignalized with 
s. the Ticles of your Renowned Anceſtors, | 
under whom ( near Fifty years fance ) 
they received their firſt Life : So that they ſeem to be In- 
tailed on your Illuſtrious Family : Eſpecially, conſidering | 
the whole World owns your Lordſhip, no leſs Heir to your 
Anceſters reſplendent Demeans , then of their love to Nos 
ble Arts, amongFt Which thoſe of the .Mathematicks, u 
none of the megneſt you are Maſter of. 
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| The Epiſtle Dedicatory. 
My Lord, The World taking example by ſo good a Com- 


mendum bas excour 


Impreſſi- 


which did ſomewhat disfigure its beauty, I thought it 
requiſite to beſtow ſome pains in their removal ; as alſo to 
furniſh it with the attendance of ſome compleat Trafts of 
Mr. Samuel Foſter our Learned Authors Succeſſor in his 
Aſtronomical Profeſſion in Greſham Colledge : . What 
otber Additions 1 have made to the Work, in ſeverdl places, 
which are not only pertinent, but neceſſary, the Reader 
is acquainted with in the Preface, My Lord, This Work 
being arrived to this flate of PerfeSion, pleads for a bolder 
acceſs to your Honours hands ; and makes it humbly con- 
fident to find your Honour no leſs favourable to it, now 
grown *þ, than your Predeceſſors have been to its in- 
fancy. My Lord, 1 have derived, likewiſe, bence ſome 
{hare of that humble confidence, that your Honour will 


pardon this preſumption, of my ſubſcribing my ſelf, 
My Lord, 
Your Lordſhips moſt obliged, 


and obſequious Servant, 


Villiam Leybourn, 


| this Work to this Fifth Bdition.. 
- But it having met with the ill uſage in former 
ons to bave contratted ſeveral Typographical Sphalmata, + 
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PILLIAM LEYBOURN_ - 
TO THE -. 
READER. | 
| ».. l 
- $ Ana far from the vanity of defiring to "1 
| 9s %S have it thought,that | prefix my Name 
a, = 232 Buſh or Garland to invite any to 
i to the Parchoſing of this Book ; The 
AS Learned Authors Authority is more 
than: Jos any other can ſay for it, and the number 
of Impreſſions that have been fo welcomed by the 
; Publick is a ſufficient Teſtimony of its good acceptance 
| in the Iorld, for indeed, of all the Mathematical Books 
| yet extant, I know. not one more full of Yariety of 
matter, nor more Prafical than this is. | 
All chat I defign in this Preface is an Apology for 
my ſelf, to ask pardon of the more knowing Mathe- 
matician, for my confidence in preſuming to ſhelter 
any of my mean and weak Performances under the Ca- 
nopy of ſo profound a Maſter of Mathematical Learning 
as this our Antbor was, But to ſuch as ſhall be 
offended therewith ( as, I hope, none juſtly can) ler 
me ſay thus much for my ſelf : 
(a) 1.1 


As [7 


n 
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To the Reader. | 


1. Iam notthe firſt that ( with good ſucceſs ) haye 
attempted the like. 

2. In what I have done io this Work, I havenot 
diminiſhed or expuriged one Syllable of the learned 
Authors, but retained his own Method, and the ſeveral 
Examples throughout the Book 1 have carefully exami- 
ned, and where | found any Typographical Error, l 
made bold to corre& ir, for which, | preſume, [deſerve 
rather Thanks than Blame. | | 

3. That whatlpever herein I have attempted to 
inſert, is nothing but what is abſolucely pertinent to 
our Authors Works, and renders his Inſtruments to 


young Tyroes in thele Sciences more uletul than they 


could otherwiſe imagine. 7 oO 
4. In what part of this Book ſoever I have added 


any thing, I have done the Author this right, for in the - 


Contents before the Book, relating to the Page 
wherein any Inſerfion of mine is, I have before it 
placed the figure of a hand pointing thus E&>: So that 
if I havedone any thing, misbecoming an Artiſt, the 


Author may not be charged with it, bur my ſelf juſtly 


blamed. 

And although, there are here and there ſome hints 

of things in ſeveral places of the Book:of mine in- 
ſerted, yet the principal are theſe, viz. | 

t. lnthe SECT OR, where ( after our Author 

hath 
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To the. Reader. 
hath treated of Proje&ing of the Sphere in Plano upon 
all the prinhal Spec (ircles ) I haye added one 
other Projection ven an Oblique Circle, wherein (if 
I deceive nocmy {elf ) I have given more light to Pro- 
jeftion in Pleno,ghan is yet extant in our Mother Tongue: 
for out of this Oblique Projettion may be ranbar 
ted the whole Art of Dialling, and in ſome meaſure it 
is there effected. 

2.Inthe CROSS-STAFEF (afkerour Author 
hath treated of the .Menſuration of Plain Regular Su- 
perficies ) I have inſerted the Menſaration of ſuch as 
are not Uniform, as alſo of Multangulars, Regular 
Poligens, &c. And (after his Menſuration of Regular 
ſquared Solids ) I have added the Henſuration of 


Priſmes, Pyramids, and (ones, both whole and diſſefed. 


And with theſe and ſuch like neceſſary matters, I have 
in ſeveral other places ſupplied a Yacancy. 

To the ſecond Appendix, which is the uſe of a 
Quadrant, of Mr. Samuel Foſters Invention, Printed 
with the former Edition of theſe our Authors Works, 
I have altered nothing,bur have added the (onſtrufti- 
en of the fame Quadrant formerly wholly omitted. 
And in his Alterationof the SECT OR, I have cor- 
refed ſome Overſighes, and miſtakes, which werein 
the former Edition ( that being Printed by a Copy 
leſs Corre& )) by the help of Mr. Poſters own Mane, 


(a 2) ſoipt;-. 


To the Reader. 


ſcript, which 1 was accommodated with from the 


worthy Dr. Fobn Twiſden, a moſt indufitious Mathe- 
matician, and a worthy honourer of the Learned 
Mr. Foſter, to whom ( not only wy wh but) the 
whole World in general is engaped for his care and 
pains in the Publication of divers of Mr. Foſters 
Works with ſeveral of his own both in Latine and Enge 
liſh in a Book Entituled 'Miſcelanies, or Mathematical 
Lucubrations of Mir. Samnel Foſter. 

Having thus far declared my ſelf, and endeavoured 
to take off ſuch aſperſions as might poflibly have been 
thrown upon me; Giye me leave ( for the Dead 
| cannotplead for themſelyes ) to take notice of ſome 


Plagiaries and Purlciners of other mens Labours and - 


Ingenuities, who out of Lucre to themſelves, and Emcu- 
lation ro-others of berrer parts, have lately thrown in- 
to the World ( tothe grand abuſe thereof ) ſeveral 
trivial TraFates, extracted ( or rather tranſcribed ) 
both from our Axthor, and alſo from the Works and 
Manuſcripts of the fore-mentioned Mr. Foſter, our 
Authors Succeſſor in the 4ftronomical Profeſſion in Gre- 
ſham Colledge, London, vo ns. rag: to the World 


in their own names, without taking the leaſt -notice - 


of the learned Authors, whence they origiaally Hltche 
thoſe ornaments wherewith they pride themſelves in 
their ſeveral Pamphlets, nor ſo much as mentioning 


their 
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To the Reatky: 
their names with any duereſpe®. I need nottell thee - 
who they be, Their own impenti: \Mavitip 
made them netorious enough; fot ſome of them 
( rather thanthey will want applanſe) becomecheic 
own Encomiaſters, ſounding their own Trumpets be- 
fore their Books, borh in Engliſh, Greek, and Latine.- 
Bur leaving theſe to thejuft cenſure of all tharthall * 
take due notice of them, give me leave to commend 


thee to the peruſal of theſe Works of our Judicious 


Authors, in the Uſe and Praffice whereof { as in all 
other thy honeſt dttempts and Fndeavours ) I wiſhihee. 
good ſucceſs, and ſo for this titne bid thee tin 


Azvil 18, j Farewel. | 


1673. 
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And upon theſe Foundations the following SuperſtruQures. 
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The Contents of the general uſe of the Canon, and 
Table of Zogarithms. | 


Chap. 1. yen. pus uſe of the Line of Numbers, « ſet down tem 
| geweral propoſitions in the uſe of the Croſe-ſtaff, and theſe 


m4 be applied to the Tables of Log arithms 166 

The Uſe of the Table of Loganithms in Arithmetick Ibid. 
T he wſe of the Canon of Signes and Tangents in the ſolution of Spherical 
Triangles 182 


T he Uſe of the Canons of Sint and Tangents, with the Table of Logarithms 


in the ſolution of right lined Triangles 198 . 


Chap. 4. Containing ſome nſe of right lined Triangles in the praftice of 
Fortification 207 


4 


| \ 'X ] Hereas the whole Subjefs of - the following 


Treatiſes do contain the. uſe of Tnflruments, and 
" that the true and exaft making of 'them is prin- 
cipally to be minded and enquired into, 1 thought good to 
give notice, That if any Gentlemen ſtudiazs im' the Ma- 
thematicks have or ſhall have occafion for'any Tnſtrument 
belonging ts this Book, as alſo with all others-uſeful both 
for Sea or Land, they may be furniſhed zither. in Silver, 
Braſs, er Wood, by. Walter Hayes, atithe Crols-daggers 
in Moor-fields, next door to the Pope's-head Tavern , 
Where they may have all. ſorts of Maps, Globes, Sea-plats, 
Carpenters Rules, Poſt and Pocket-Dials for any Lati- 
tude, &cCo | yo 


. 
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. CHAP, L 
oe fb and the General uſe © 


IECTOR ds Gerajeety, dabigurabpchoaded 
of wo right Lines containing an An "_ ar the 
#'Cemer, and of the Circumference aflumed by 
ta them. This Geomerrical Jnſtrumenc having cwo 
" eps, conreining all variery of Angles, and che. 
ace of the Feer, repreſenting the Subceaſes 
of che Circumference , is therefore called by che 
Rn 
Lines or Scales, of which 5 are general, the 
The firſt isthe Scale of Linedivided into 100 


other 5 more yartic 
equal parts, and mwmbred by 1, 2, 3,4, 5, 6, 7, $, 9,10. 
The and, che Lines of Superficies, divided into r00 unequal parts, 


and numbred by" 'Y; 2, 3, 4, 5, 6, 7, $, 9, 10. 
3. The wo the Linesof Solids, divided into 1000 unequal parts, 


and nu {- x, 2, 3, 43 $36, 7, $8, 9, 0. _ 
4, The muon Lincsof Ba and Chords, divided into 9e dew ee, 
Mn , numbred with IO, 20, 30 unto wn 
| Theſe 


2 The Deſcription of the Lines. 


Theſe fonx Lines, of Liner, of Smperficies, of Solidr, and of Sinrs, are * 


all diawn from che Ceneer of rhe Sv alablt tothe end of the Legs. 
They are drawn on both-the Legs, that every Lint” my have his fetlow. 
Allof them are of one Lengch, char chey may anſwer one co the other : 
And every one hath his Parallcls, 'rhat che eye may the becrer diſtin- 
guiſh the Diviſions. Burt of the Parallels choſe only which are inward- 
moſt contein che true Diviſions. | 

Fhere are iree o:her general Lines, which becauſe they are infinite are 
placed on the Side of the Setop., , ... 

$5. The firſt a Line of Tanyents,” numbred with 10, 20, 30, 40, 50, 
60, fignifying ſo many degrees from the beginning of the Lige, of which 


45 aretqual co the whole LinFof Sines, che reſt follow'Ys che lepgeh 
' 


of che Sector will bear. # I 

6. The ſecond, a Line of Secants, divided by Pricks into' 60 degrets, 
1s the ſame wichthar of the Line of Tangents co which it is joyned, 

7. The third is the Meridian Line, or Line of Rumbs, divided un- 

ually into degrees, of which che firſt 7o are almoſt equal co the 
whole Line of Sines, the reſt "follow unto 85, according to the 
Length of che SeQor. . ap 

wy particular Lincs teſcreet} #mong the geriernd,; bacoie there was 
yo1d {pace. oo {> EA . Wd 

8. The firſt are the Lines of Quadrature placed berween the Lines of 
Fines, and noted with 10, g, 8, 9, $,6, 5, 90, Q. 

9. The {econd, the Lines of Segments, placed berween che Lines of 
_ and Supexficies, divided inco 50 parts, and numbred with 5,6, 
7,8, 9, 10. **/ 

"20, The third |, the Lines of inſcribed bodies in the ſame Sphere, 
placed berween the Scales of Lines, and moced wich D, S, 4. C. 
O. T. : 

17, The fourth, the Lines of Equated Bodies, placed berween th 
Linesof Lines and Solids, and = with D. 7, cs. O.T. S ; 

12. The fifth, arc the Lines of Metals, inferred wich the Lines of 
Equared Bodies, (there being room ſufficient) and noted with the Cha 
Tie enain he Bia af do Bula, and 

There remain t r, and on the one I have f 
Line of Inches, which are che ovellh parc of a Foog Engliſh : nan 3 
other a leſſer Line of Tangents co whi che Gaomon is Retivs, 

2, Of 


: 
: 


\s 
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The weking of the Setter, 
2, Of the waking of the SECTOR, 


Ec: a Ruler be firſt made eicher of Braſs or of Wood like unto the 
Figure before the Book annexed, Which may open and (hut 
upon his Center : the Head of ir may be about che ewelfth part of che 
whole Length, chat ic may bear the moveable Foot, and yer the moſt pare 
of the Dwifions may fall wichoue it. Then let a moveable Gromon be 
ſer at the eng] of the moveable Foor, and there-turn upon an Axis, (o as 
ic may famerimes ſtand at arighe Angle widh-the Feet z and ſomecimes. 
be incloſed within the Feer« But this js well known to the Work-man. 

For drawing of che Lines. Upon che Center of the Sefor, and Se- 
midiamerer ſomewhat ſhorter than one of the Feer, draw an occule Ark 
of a Circle, croſſing the Cloſure of the inward Edge of the SeRor, abour 
che Lercer'T. | 

Iathis Ark, at one degree on either Side from-the Edge, draw right 
Lines from che: Center, ficrting them with Parallels, and divide chery inte 
an hundred equal parts, wich Subdiviſions into 2, 5,or 10, as the Line 
will bear, but let the Numbers ſet to chem, be onlpT,2, 3, 4, &e. nnto 
x0, as in pgs Theſe Lines ſo divided, I call the Lines or 
Scales of Linesz and they are che ground of all thereſt. 

In this Ark, at 5 degrees on cicher Side, from the Edge neat T, draw 
ether righe Lines from the Center, and 'firchem with Parallels: - theſe 
ſhall ſeevefor che Lines of Solids, 

Then on the echer Side of the Sefor, inlike manner, upon the Cen- 
cr, and equal Semidiamerer, draw another like Ark of a Circle : and 
here again ac one degree near on either Side from the Edge, near the 
lerter draw right Lines from the Center, and fit them wich Paral- 
Cee Lene draw ocher 

At on eucher Side r ge near raw ighe 
Lines the Center, and fic chem with panels theſe Peres 
for the Linesof its. 

Theſe four principal Lines dg —_ and fitted with Parallels, we 
may draw other Lines io the middle berween the Edges and the Lines of 


Lincs, : which ſhall ſerve for rhe Lines of Inſcribed Bodies, and others 
berween the Edges and the Sigcs for the Lines of Quadrature. And 66 
che reſt asin the Example, | 
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The Deſcription of the Lines. 
3« To divide the Lines of Super ficles, 


Ecing the Superficies do hold in the Proportion of their homolog 4] 
Sides duplicated by the 29. Prop. 6. Lib. Eaclid. If you ſhall fgnd 
mean Propertionals between the whole Side, and each hundred pare of 
the like Side, by the 1 3.Prop. 6. Lib. Emclid. all of them cutting che 
ſame Line, that Line ſo cut ſhall contain che Diviſions required ; where- 
fore upon the Center A, and Semidiameter equal to the Lipe of Lines, 
deſcribe a Semicircle A CB D, with A B perpenditular to the Diameter 
CD. And let the Semidiameter A D be divided as the Line of Lines 
into an hundred parts, and A E the one half of AC dividedslſo into 
an hundred parts, ſo ſhall che Diviſions in A E be the Centers from 
whence you ſhall deſcribe the Semicircles C 10. C 20, C zo. &e. divi- 
ding the Line A B into an hundred unequal parts: and this Line A B 
fo divided ſhall be che Line of Superficies, and-muft be cransferred into 
the Setor. Bur let che numbers fet co them be only 1, 1, 2. 3. unto' 106, 
es in the Example. 

Or cheſe Lines of Superficies may otherwiſe be transferred into the 
Seor, our of the Line of Lines, by a Table of Square Roots; For the 
Root taken out of the Line of Lines, ſhall give the Square in che Lines 
of Superficics. | . 

. As, :toinſcribethe Diviſion of 25 is the Lines of Superficiesz pur fix 
Ciphers to 25, and make it 25000006, then find the Square Root of 
this Number, which will be $600. | 

Take therefore, 5000 out of the Line of Lines (ſuppoſing the whole 
Line-to be 10000) and jt will give the true Diſtance berween the Center, 
ahd che points of '25, inthe Lines of Superficies, ./ RT 

So,for the Diviſion of 30,purto 30 lixCiphers,and make it 30000000, 
whoſe Square Reot.is $477- This (taken out of the Line of Lines) ſhall 
give the place forthe Poinrsof 30, inthe Lines of Fuperficies. And the 


Hike reaſon holderh for allthe reſt, according co this following Table. 


if any pleaſe to make uſe of a Diagonal Scale, equal to the Line of 
Lines, he may put eight Ciphers to the Number propoſed, and make the 
Table of Roots to fivePlaces: So, his work will be more exat. 


A Table of Square Roots for the Diviſen of the Limes of Superficies, 
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A Table of Squat Reat) for Diviton if the Line of Super iter, 


|| Root. [Sq-! Root, Sq | Rovt [Fe Roos. |Sq.| Root..|Sq | Root. | Sq. Root. 


— — — — Q  _———_——_ 


— cc  ._}_u — co fo | wvwoone 


707] 13937 |, [9523] 16745; 1777h; 13689 9513 


1000[ 1614000] 31|5 368[46|6782[61]7810j76|8718|+ g1] g539 
4062] [5612] [6819] 842} 187 
4123;32|5657 47[$556 6217874177 8775] 92] 9592 


4183] [$707 6892; © 179064 18803 [ 9618 


5477 [45|6708160[7746[75 nr 90| 9487 


4243(33 5744[4815928[631]7937|78|8832] 93] 9644 
4301 5788 6964 7969 8860 

43591341583 11491700016413000[79 8888| 94; 96g5 
4416] [5874] 17036| $031 [8916 9721 
4472135 |5916|50[7071165|8062[80/8944| 95] 9747 


— —  — ww wc | / oo—— — 


4528! 5958! 2106} i8093) (8972! 9772 
4582136|6000|5 1714116618 1 24|81|9000] g6 

4637] [6042] [7176] [8155] [9028 9823 
4690[37|6083|52|721116718185 82/9055 97 
4743* 6124] 7246; 18216 | 


————et——_—_— 
———— nd OY | —  — 


'S 


4796|38|6164|53|7280/68|$246|83j9110| 98] g899 | 

| 4848) 6205] 17314} , [8275 9138 9925 | 

4899139\6245|54\7348169!18307 8419165 . 99}, 9959 

| 4950 6285] 7382] [8337]. [9192] | 9975 is 
5ooo[40[6325)55|7416|70[8367|>5]9219| 100100007 


505or 16364) [7450] 19396 92471 
5099[41[6403 [56/7483 [7 118426]86}9274} q 
5148] [6442] [7517] 18556] | [9300] , I 
5196]4216481|57}7550[72{848518719327| & i . 
$244} 6519] 17583}: 18515] (9354 | 


On — — 


52911436557] [7616ſ73|8544188{9381 
5338] [6595] 17648] 8573] 19497 
291538514416633159 768117418602|8919434]. - | 


3808] 15431] [6671] [7714] [8631 ..j9460 
3873130[547714516708|6017746]75] 866019019487 


4 — The Diorptlnof the Une: 


4 Todivide the Liner of Sollds. 


ing like Solids do hold in the Proportion of their homologal Sides 
| iplicated, if you ſhall find rwo mean Proportionals berween the 
whole Side and each thouſandth part of che like Side: all of them cur- 
eing the ſame ewo right Lines, che former of choſe Lines ſo cutth (hall 
contain the Divifions required. : 
Wherefore upon the Center A, and Semidiameter equal co rhe Line 
of Lines, deſcribea Circle and divide ic into 4 equal CE BD, 
drawing the crofs- Diameters CB ED, Then divide the Semidiameter 
AC, faſt into I6 equal parts, and between the whole Line A D and 
AF, the tenth parc of A Cy ſeek out two mean Proportional Lines 
AI and AH: again berween AC and AG (being ewo Tenchs of 
ww ſeek our rwo mean Proportionals ALand AK, and {o for- 
ward in therefh. So ſhall the Line A B, be divided inco 16 uncqual 


gon" divide each temb part of che Line A C into 10 more, 
and berween the whole Line AD, and each of them, ſcek our two 
mean Proportional as before : So ſhall the Line A B be divided: now 
into an hundred uaequal parts, 

ELL IY'D K.1 Thirdly, 
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Thirdly, if the Length will bear it, ſubdivide the Line A'C onee againy 
each part in ten more, and between the whole Line A D, and each Sub- 
diviſion, ſeek two mean Proportionals as befere, So hall the Line A B 
be now divided into 1000 parts, But the Ruler being —_ it Call 


ſaffice, if thoſe 10 which are neareſt the Center be expreſſed, the reſt be 
underſtood to be fo divided, thoagh aftually they be divided into no 
more than 5 or 2, and this Line A B (o divided ſhall be the Line 
of Solids, and muſt be transferred into the Seor : Bur ter the Num- 
bers ſer co them be only 1, 1. 1, 2, 3. &o. unto 10, as in the 
Example. ] Q 
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Or-theſe Lines of Solids may otherwiſe be / transferred into the Se- 
& tor, out of the Line of Lines (or rather, out of a Diagonal Scale 
; - equal co che Line of Lines) by a Table of Cubigu ue Roots, For the 
| os hes ens et LI Lines, (hallgive the Cube in che Lige 
As ro inſcribe che Diviſion of- 125 in the Lines of Solids ; 5 Put xii. 
ens i 12 5, and make it 125000000000000 : Then find che 
Cubi s apr 3 ke Number, which will be5000o. Take therffore 
5006g/ out of the Line of Lines; (ſack as the whole Line 13, 160000) 
ang it /will 1e the cruc Diſtance berween the Points of 13g in che 
Thhetek Solids.” f 
/ So, forthe Diviſion of 308, putto- 300 Xil. . Ciphers more, ad > 
200060008000000, whole Cubique IZA is 66943 | Ys bo 


if 
of the nod ey bg. of Liges, thall greg place poincs of 36d 


Le = po che” reſt; « = 


ro by eakutg Gra, 


4 Table of the Cubique Roots, 
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Cub j Root, þ ©ub | Roug 'Cov. { Roots | | Cub. Robe. Cub,” | Root. 
L wu! | Oo 1.20 L 2714 | 5O 3684 . 25 ! Foag F275 | 6502 
pF ar | 4758 | -52 65 | 280 | 6542 
794 | at | 4758 | 52 3732 | 130 | $065 | 2 
x 2666 L 22 | 2802 "$4 [3779 | 135 , F129, 285 6900 
1144 | 23 | 2843 | 56| 3825 49 © $192 |, 290 $618] 
2-| 1259 | 24 | 2884 | 58.7 3870 | 145 | 52531) 2g5 | 665 
1357 | 25 | 3924 60 pots 1! 50 F313 |: 300 | 5694. 
—  —  —-} — hh} —p—_] —— 
/ | 3 | 1442 |26 | 2962 ' 624 3957 | 155 | 5371+] 305 6731 
| 1518 | 27 | 300O | 64 | 4000 | LO $425 370 4: 7 
4 | 1587 1 28-[ 3036 |- 66 | 404 |*165 | $454 | 315 of 
| 1650: | 29 | 3072 hath Neue 170 | $539 320 | 5839 
- 5'j 1709-| 30 1 3107 | 70 } 421 | 175 5593} 325 75 
. EET AE ADR 1 PERS 0.0 On) ok LOT) | Yn 1 ts 
4 a9 | 6 | 330 | 6910 
[765 | 31 3144 | 72 | 4160 ! 180 | 564 | | 
4 6 | 1817 | 32 | 3174 |: 74 | 4198 | 185 | 5698 335 | O93 
1866 |'33 | 3207 | 76 1 4235 | 199 5748 | 340 5979 
: - 7 | I912 | 34 | 3239 78 | 4272 | 195 i $790 345 | = 
Jew [35 | 3271 | 80 4507; 200 | 5548 | 3359 17047 Þ 
chad | —ſ - ———— } | —— | oo nm 
8 Tas. 8 | 896 |-3 7Q80 
8 | 2000, 36 | 3301 | 02 | 4344 | 205 | 559 55. 
| 2040 7 3332 | 84 | 4379 210 | 5943. $0 2119 
9 | 2080 | 38 | 3361 | 86 1 4414 | 215 | 5990 365 | P14 
a 2117 ] 39 | 3391 | 88 | 4447 | 220 6036 370 | 7370, 
10+] 2154 | 40 | 3419 | 90 | 4481 | 22 | 375 | 7208]. 
ic 2223 | 44 | 3448 2 |-4515 ' 230 | 5126 IP 7243 
12 | 2289 | 42 | 3476 | 94 | 4546; 235 16171 | 385 | 7274 |: 
13 2351 |43 | 3503 | 96 | 4578 249 | 214 | 390 | 7306 | 
14 i 2410] 44 | 3530 | 98 ho 245 1 6257 | 395 07337 
15 | 2466-| 45 | 3556 | [100 | 4641 | 250 6299} 400 7368 
-| 2519 | 46 | 3583 1 105 | 4717 | 255 | 6341 1 405 7399 
w ne. | 47 3608 | 110 ' 4791 | 260 6362 410 7428" 
18 | 2620 , 48 | 3634 | 115 | 4862 | 265 | 6423 | 415 7 7459 
I9 | 2668 | 49 | 3659 | 120 \aorn! bee 6463 | #20 7488 
20 | 2714 | 50 1 3684 | 125 | ye0o | 275 | 6502 | 425 | 7518 
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435 | 7570 
440 } 7605 
445 | 7634 
' 450 | 7663 
455 7091 
460 | 7719 
's.| 7747 
479 
475 
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The Diviſion of the Linas of Solids, 


$75 


580 
585 
590 
595 
600 
605 
610 


720 
725 


894.2 
8962 
8933 


Root, | Cub. 
8983 | 875 | 
9004 | 80 
9024 | $885 
9045 | 8go 
g065 | Bgs 
g085 | goo 
g105 | go5 
9125 | 910 
9145 3 gig 
9165 | 920 
9185 | g25 
205 | 930 : 
241 935! 
9244 | 940 | 
9263 | 945, 
9283 ; 950 | 
9302 | o55 | 
93214 9co 
9340 | 965 
93591 970 
09378 } 975 
9397 | 980 
9416 | g85 
9435 | 990 
9454 | 995 
=] 1000 
—_—_— 
9491 
9509 
9529 
9546 
9564 
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The Deſcription of the Lines. il 
3+ Todivide the Lines of Sines and T angents on the Side of the Seft.r. 


Pon the Center A, and Semidiameter equal to the Line of Lines, 
U deſctibe a Semicircle ABCD, with A B, perpendicular to the 
Diameter CD. Then: divide the Quadrant CB, B D,' cach of chem 
in'o go, - and ſubdivide each degree into ewo parts : For (o. if ſtreighe 
Lines be drawn parallel ro the Diameter C D, through theſe go, and 
their Subdiviſions, chey (hall divide the Perpendicular A B uncqually 
into 90. | 
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And this A B (ſo divided) ſhall be the Line of Sines, and muſt be 
transferred into the Setor, The Number ſer to them are co be 10, 20, 
30, &c. unto. 90, as inthe Example. 

If now in the point D, uncs the Diameter C D, we ſhall raiſe a Per- 
pendicular DE, and to it draw ſtreight Lines from the Center A, through 
each Degree of the Quadrant DB, theſe ſtreighc Lines (hall be Secants, 
and this Perpendicular ſo divided by chem ſhall be the Line of Tangents, 
and muſt be transferred unto the Side of che SeKor: The Number fer 
ro them, are ſo be 10, 20, 3O, &c. as in the Example. | 

If berween A and D, another ſtreight Line GF be drawn parallel to 
DE, *will be divided by thoſe —_ the Center in likc fort as 

- DE 
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DE is divided, and it may ſerve for a leſſer Line of Tangents, to be 
ſee on the Edge of the Sector. TE 5 

If the Compaſſes ſhall be extended from C to each degree of che 
Quadrant CB, and thoſe Extents transferred into one Line (C A) this 
Line C A (o divided into 66 (or rather into 90 gr.) ſhall be a Line of 
Chords, ' and may be fet on ſome void place of the Sector. * 

Theſe Lines of Sines and Tangents, may yer otherwiſe be trensferred 
into che Sector our «> the Line of Lines (or rather out of a Diagonal 
Scale equal to the Line of Lines,) by Tablesof Nacural Sines and Tangenes. 

For the Sine of 90 gy. being equal co che whole Line of Lines of 
100000 parts, the Sine of 3O gr, will be equal ro 5000e (half che Line 
of Lines;) and che Sine of 458" equal ro 70710 parts of the Line of 
Lines, according to the uſual Table of natural Sines. 

In like manner che Tangent of 45 gr. being equal to the whole Line 
of Lines, the Tangent of 4ogr. will be equal co 83910 parts of 
the Line of Lines: and che Tangent of 5o gr. equal co 1191795, 
that is, to one Radius (or whole Line) and 19175 parts more of che 
ſame Line of Lines, according tothe old Table of Tangents. 5 

And (upon the ſame ground) the Secant of 40 £ will be equal to 
1.30540, that is, one Radius and 30540 parts of the Line of Lines - 


end the Secant of 50 gr. equalto 1.55572, and ſo the reſt, according 


to the like Table of Secants, 

The Line of Chords may alſo be divided by help of che Table of Sines 
and Line of Lines. For che double Sine of half the Ark-taken out of 
the Line of Lines will give the Chord. 

As ifthe Ark-propoſed were-60gr. The half of this Ark is 30 gr. 
and the Sine thereof 50000, which being doubled, make 1 00000, the 
whole Line of Lines, equal to a Chord of 606 gr. 

$o for the Chord of go gr. the half Ark is 45 degrees, and che Sine 
thereof 70710, which being doubjed, make 1414240, that is, one 
Radius, and 41420 parts of the Line of L'nes, equal. ro the Chord of 
90 pr. required. 


6. To ſhew the Ground of the Seftor. 


Ec AB, AC, repreſent che Legs of the Ser z then ſeeing theſe 
ewo A B, A Carecqual, and their Seftions A D, A F, alſo equal, 

they ſhall be cur proporcionally z and if ' wedraw the Lines BC, DE, 
they will be parallel by Prop.2, Zib.6. of Exclid, and '{o the Triangles 
T ABC 
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ABC, ADE, thall be equiangled , by-reaſon of the common Angle 
at A, and the e Angles at the Baſe. and therefore ſhall nu, 
Sides proportional abou thoſe equal Angles, by Prop. 4. Lib,6. of Exclid. 


N—_— ——_ 


The Side A D (hall be to the Side A B, as che Baſis, D E, unto the 
patallcl Baſis B C, and by converſion A B ſhall be unto AD, as BC 
unco DE; and by permutation A D (hall be unto DE, s AB to 
BC, &c. So that if A D betche fourch part of the Side A B, chen DE 
ſhall alſo be che fourth parc of his parallel Baſis BC, The like reaſon 
holdeth in all other Sections. 


7- To (hew the gentral Uſe of the Seftor. 


Here may ſome Concluſions be wrought by the Setor even then 

when it 15 ſhut, by reaſon that che Lines are all of one length ; but 
generally che Uſe hereof confifts in the ſolution of che Golden Rule, 
where three Lines being given of a known Denomination, a fourth 
Proportional is co be found. And this Solution is diverſe in regard 
both of the Lines and of the Entrance into the Work, 4-1! 

The Solurion- 41 regatd of the Lines is ſomerimes fimple, as when che 
Work is begin and ended upqr the ſame, Lines, Sometimes ig is com» 
pound, as when ir is'begyy bn oe Kind of Lines and ended On anorhess 
Ic "may be beguri nport'tht Lines of Lines, and figiſhed upon che. Lines of 
Superficies. 'Ic may begin on the Sines, and end on che Tangants. .. . 

he Solution'in regard of the Entrance into the work, may be cucher 
with-a Parallel, or elſe Lateral og' che” Side of the SeQor ,, I call. ic 
Parallel Entrance, or entring with”a Parallel, when che'ewo Lines of 
the firſt Deneminarion* are Dolcd | lighe Parallels, and chechird Line, 
andthar which iwſonght'for, Ye on'thefide of the SeRtgr : I callic lace 
Entrance, or entring on the (ide of che Sector; when the two Lines of 


che 


, 


4 * The. general.Uſe of the Setter. | 
| the firſt Denomination- are on the fide of the Seftor , and che third 
Lint, and thac which is co be found out dofitand in 'the Parallels. 


42 ita DUnigte® = natuts DOME 4 drngn mend hr bo cs 


bb nds Con oem 2 aan th 


"Wa. 3 0 
. Ions —— > — — 
PR ; 4 0 


a 
M— 


B i 
- 4 
D* 


As for Exampl:, ler there be given three Lines A,B, C, to which I 
am co find a fourth Proportiogal, let A meaſurcd in the Line of Lines, 
be 4o, B go, and C 6v, and ſd mu the Queſtion be this: If 46 
Months give 5o pounds, whar 60? Here are Lines of two De- 
nominations, one of Months, another of Pounds, and th: firſt, with 
which I am to enter, muſt be that of 40 Months. If then I wonld 
enter with a Parallel, firſt I cake A, che Line of 46, and pat it over as 
a Parallel in 5o, reckoned in the Line of Lines, on cicher fide of che 
ScAor from the Center, ſo as it may be the Baſe of an Iſoſcheles Tri- 
angle B AC, whoſe Sides A B, AC are cqualto B, the Line of the 
ſecond Dexominarion, | 5H 

[1 
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Then the Seor being thus opened, I rake C the Line of 60, be- 
eween the Feet of the Compaſſes, and carrying them parallel co BC, 
1 find them to croſs the Lines A B, AC, on the fide of the Seor 
in D and E, numbred with75, wherefore I conclude the Line AD 
or AE is the fourth Proportional and the correſpondeat Namber 75, 
which was required. 
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Bur if I would enter on the Side of the SeRtor, then would I diſ- 
pole the Lines of the firſt Denomination A and C in the Line of Lines, 
on borh ſides of the Seftor in AB, AC, and'in AD, AE, ſo as they 
ſhoald all meer in the Center A, -and then taking B the Line of the. 
ſecond Denomination, pur it over as a Parallel in B C, that ic may be 
the Baſis of the Iſoſcheles Triangle B A'C (whoſe Sides AB, AC, are 
equal to A the firft Line of che firſt Denomination) for fo the Sector 
being chus opened, the other Parallel from D co E, ſhall be che fourth 
Proportional which was required, and if it be meaſured with theother 
Lines, it (hall be 75, as before. 

In boch theſe manners of Operations, the two firſt Lines do ſerve ro open 
the Seftor to his due Angle, the Difference berween them is efpecially 

. this, 
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this, that.in Parallel-Entrance, : che .cwo Lines of rhe firſt: Denomination, 
are placed in the Parallels BC, DE, and i Lateral Entrance they arc 
placed onborh Sides of the Setor, inf A B, A D; andin AC, AE. 
-1 Nay, in fimple ſolution which is begun and ended upon the ſame 
kind, of Lines, it is all one which of che two latter Lines be pac in the 
ſecond or third places. As in our Example we may ſay, As 40 are to 5o, 
ſo 60 unto 75, ot cle, Ar 40 are to 60, [050 wato 75, And hence it 
comerh, chat we may enter both with a Parallel, and on the Sides ewo 
manner of ways at either Earrence, and ſo the mt part of Queſtions 
may be wrought four ſeveral ways, though in che Propoficions following, 
I mention only that which is moſt convenient. If any Kon not the SeQor, 
he may make uſe of the former Figure, as in our Example, where we 
have _ Numbers given ( 40. 50. 60,) to find the fourth Propor. 
tional, 

Firſt, draw a right line (A D) co repreſent one of che Lines of the Se- 
Qor, Then take out the firſt Number (48) out of the Line of Lines, 
and prick it down from AtoB; and on the Center (A,) and $Semi- 
diameter (A B) deſcribe an occulc Ark of a Circle from B cowards C. 
In like manner, take out (60) the other Number of the firſt- Denomi- 
nation, and prick ir down from A to D. And on the Center (A)and 
Semidiai A D) deſcribea ſecond Ark of a Circle, from D coward E. 
That4lone, take the third Number (50) and inſcribe it into the fiſt Ark 
from B to C;' and "laying the Ruler to the Center (A) and the Point C, 
draw therightLine A C, our in length, ill ic cur the ſecond Ark in the 
point E. - So the Diſtance from D co E (raken and meaſured in the 
ſame Scale with che third Numbcr) will give 75 for the fourth Pro- 
portiorial,” 

[Thus much for the general Uſe of che Setor, which being conlidered, 
and well underſtood, there is nothing hard in that which followech., 


CHAP. II, 
The-Vſe of the Scale of Lines 
1. Toſet down 4a Ling, reſembling any given Parts or Fraftion of Parts, 


He Lines of Lines are divided aQually into 100 parts, bur we have 

put only 10 Numbers in them. Theſe we would have to-ſignifje 
either themſelves alone, or ten times themſelves, or an handred times 
them(ſclves, or a chouſand times themſelves, as che matter ſhall require, 
As if the Numbers given be no more than 10, then we may think the 
Lines only divided into ten parts according to the number fer to them. 
If chey be more than 10, we not more than 100, then eicher Line ſhall 
contain 10O parts, and the Numbers ſer by chem ſhall be in value 16,20, 
30, Fc. \ as they are divided aRually.. If yer they b: more than 100, 
then every part muſt be chought to be divided into ro, and eicher Line 
ſhall be 1000 parts, and the Numbers ſet to them ſhall be in value 160, 
200, 300, and ſo:forward ſtill increafing themſelves by ro, This being 
preſuppoſed, we may number the Parts and FraRion of Parts given in 
the Line of Lines; and raking ourrhe Diſtance wich a Pair of Com- 
paſſes, ſer ic by, for the Line ſo taken (hall reſemble the Number gi- 


ancn. 


In this manner may we ſet down a Line reſembling 75, if either we 
cake 75 out of the hundred parts, into which one of che Line of Lines 
is aQually divided, and note itin A, or 94 of the firſt 10 parts, and 


« note it inB, oronly + of one of choſe hundred Parts, and note it in C, 


Or if chis be eicher coo great or roo ſmall, we may run a Scaleart pleaſure, 
by opening the Compaſs to ſome {mall diſtance, and running it cen times 
over, then opening the Compaſs to theſe ren, run them over nine times 
more, and ſet Figures to chem as in this Example, and out of this we 
may take whay parcs we will as before. 
To this end 

ſo as one Inch conteinerh $8 parts, another 9, another 10, &g. according 
as they are figured, and as they are diſtant fromthe ocher end of the 
Seftor, that ſo we might have the berrer Eſtimace, 


D 


have divided the Line of Inches on the Edge of the SeRtor, 
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2. To increaſe a Lint in « given Proportion. 
3. To diminiſh a Line in a giv:*n Proportion. 


Ake the Line given with a pair of Comoaſles, anc open the Seftor, 

ſo as the Feet of. the Compaſles may ſtand 15» the point of che 
Number given, then keeping the SeHor at this Angle, the Parallel Di- 
ſtance-of the points of the Number requirec , ſhall giye che Line xc- 


a | CCC 
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Let Abea Line given to be increaſed in the Proportion of 3 tc 5. 
Firſt, I cake the Line A with the Compaſſes, and open the SeRtoy cill I 
may pur it over in the Points of 3 and 3, fo the Parallel berween the 
Points of 5 and 5, dath give me the Line B, which was required. 

In like manner, if B be a Line given to te diminiſhed in the Propor- 
tion of 5 co 3, I rake the Line B: and co it c pen the SeQtor in the points 
of 5 and yg, ſo the Parallel between che Points of 3 and 3, doth give me 'F 
the Line A, which was required. 2 
; If this manner of work doth not ſuffice, we may multiply or divide 
the Numbers given by 2, or 3, or 4, &c. And fo work by their Num- 
bers 4qui-multiplices, as for 3 and 5, we may open the Seftor in 6 and 
IO, or cllein gand IF, orelſein 12 and 20,orin 15 and 25, or in 19% 


and 30, &c. 
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4. To divide a Line into any number of Parts given, 


Ake the Line given, and open the SeRtor according to the length of 
the ſaid Line in the points of the parts, whereinto the Line ſhould 
bedivided, then keeping the SeRor at this Angle, the Parallel Diſtance 


- between che points of 1 and 1 ſhall divide the Line given into the Pars 
* required, 
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Let AB be the Line given, to be divided into five parts, firſt I cake 
this Line A B, and to it open the SeRor 1n the point of 5 and 5, the Pa- 
rallel berween che poinrs of t and 1, doth give me the Line A C, which 
doth divide it into, che parts required. 


a _ 
A | 5 Tn" 


Oc ler the like Line A B be to be divided into twenty three parts. 
Fiſt, I cake our che Line and put it upon the Setor in the points of 27, 
then may I by the former Propoſition diminiſh itin A C, C D, inthe 
Proportion of 2 3 to 10, and after that divide the Line A Cinmo 10, &c» 
as before. 


5+. To find a Proportion between two or more right Lines given. 


Ti the greater Line given, and according to it open the Seftor in 


the pointsof 100 and 100, then take the lefler Lines ſeverally, and 
carry them parallel co the greater, till they ſtay in like points, ſo the Num= 
ber of points wherein chey ſtay, ſhalt ſhew cheir Proportion unto x00, 


nN ® DOD 


Let the Lines givenbe AB, CD, firſt T rake the Line CD, and to 
it open the SeRorin the points of 100 and 100, then keeping the Seftos 
ar this Angle, I enter the leſſer Line A B, parallel co che former, and 
find ic to croſs the Lines of Lines in the points of 60, Wherefore the 
Proportion of A B co © D, is as 60 to 100, 

Or if the Line CD be greater than can be put over in the Points of 
100, then I admir the lefler Line A B to be 100, -and cutting off CE 
equal to A B, I find the Proportion of CE untoED to be as roo, 
almoſt to 67 3 wherefore this way che Proportion of AB unto CD, is 
as 100 unto almoſt 167. 

This Proportion may alſo not unficly be wrought by any other Num- 
ber, that admits ſeveral Diviſions, _ namely, by the Numbers _— 
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And fotheleſſer Line will be found to be 36, which is as before in leſſer 
Numbers, as 3 unto 5, Ir may alſo be wrought without opening the 
Seor, For if the Lines berween which we ſeck a proportion, be applied 
ro the Lines of Lines (or any other Scale of. equal parts) there will be 
ſuch Proportion found berween them, as between che Lines ro which 
they are equal, | | 


6. Tw0 Lines being given, to find a third in continual Proportion. 


Irſt place both the Lines given, en both (ides of the Seor from che 
Center, and mark che terms of cheir Extenſion, then take out the 
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ſecond Line again, and tot open the-SeRor, in the terms of the firſt 
Line, ſo keeping the Seftor at this Avugle, the parallel Diſtance berween - 
the terms of theiſecond Line, ſhall be-che third Proportional, 

Ler the two Lines given be A B, A C, which I take our and place 
on both (ides of the SeRor,ſo as they all meer inthe Center Ayler the rerms 
of che firſt Line be B and B, the terms of the ſecond C and C, Then 
dolI cake our A G theſecond Line again, and to it open the Seor in 
the terms B B, So the Parallel berween C 2nd C doth give me the third 
Line in continual Proportion, For as AB is ugto A C, ſo'BB equal 
to A C, is unto C C; 


7. Three Lines being given, to find the fourth in diſcontinual Pro- 
portion. | 


HF firſt Line and the third are to be placed on-both fides of 
the Sector from the Center, then take out the ſecond Line, and 
ro it open the SeRor in the cerms of the firſt Line, For ſo keeping the 
Ser at this Angle, the parallel Diſtance becween the terms of che 
third Line, ſhall be che fourth Proportional, Ler the chree Lines gi>- 
ven be A, B, Go P 
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Firſt, I rake ont A and C, and place them on both ſides of the Se: 
or, in AB, AC, and AD, AE, laying the beginning of both Lines 


AT. 
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at theCenter A, then do I take out B the ſecond Line, according to it 
I open the Se&or in B and C, the terms of the firſt Line': ſo the Paral- 
kl berween D and E, doth-give me the fourth Proportional which was 
required, 

As in eArithmetich, it ſafficerh if the firſt and third Number given 
be of one D:nomination, the ſecond and the fourth which is required 
be of another. 'For one and che ſame Denomination is not requi- 
red 'neceflarily in' chem all. So in Geometry, it ſufficech if the Sides 
A&B, AD; re{embling the firſt and third Lines given be meaſured 
in one Scale, and the Parallels BC, DE be meaſured in 2nother. 
Wherefore knowing the Proportion of A the fiſt Line, and Cthe third 
Line by chefifth Propofition before, Which is here as $ to 12, and de- 
ſcending in leſſer. Numbers, is as 4 to 6, or as 2 to 3, or -aſcending into 
greater Numbers, as 16 unto 24, or 18 to 29, or 20co 3o, or 3O to 45, 
or 40' ro 60, &c, Tf the Sector be opened in the points of Vand 8, co 
the quantity. of B, the ſecond Line given, chen-a Parallel berween 12 
and 1'2, ſhall give D E, the fourth Line required. So likewiſe if it be 
opened ini 4 and 4, then a Parallel berwcen 6 and 6; orif in 16 and 
T6, -chien a Parallel berween 24 and 24 ſhall give theſame DEz and 
ſo in the reſt, 


$. Todivide a Line in ſuch ſort as another Line before divided. 


TL Irft, rake out the Line given, which is already divided, and laying 

it on borh fides of the SaQor from the Center ; mark how far ic 
extendech. Then take out the ſecond __ which is to be divided, and 
ro it open the SeRor,in the terms of the firſt Line, This done, take 
out the parts of che firſt Line, and place them alſo on the ſame fide of 
the Seftor from the Center. For the Parallels taken in the terms of 
theſe parts ſhall be the correſpondent parts in the Line which js to be di- 
vided. HE | F: 

Let A B, bea Linedivided in DandE, and BC the Line which 1 
am to divide in ſuch foft;” as A B is divided. 

Firſt, I cake Line A B, and place it on the Line of Lines in A B, 
AC, both from the Center A, then rake I out the ſecond B C,, and to 
it open the Seftor in B and C, the terms of che firſt Line, The SeRor 
thus opened to his due Angle, I take out. AD and AE, the parts of 
the firſt Line A B, and place chem alſo on both che fides of the SeQor 
AD,:AE, ſo the Parallel DD givech me BF, and the Parallel EE 


giveth 
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giveth B G, and the Line BC is dividedin F and G, asis the other Lane 
ABin D and E, which was required... _yl Bey | 
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If the Line-A B were longer than one of the Sides of .che Ruler, then - 
ſhould -I find whac proportion. it hath to his parts A D, A E, andhat 
known, I may work as-before in the former Propoſicion.. 


9. Two Numbers being given, to find a third in continual. Pro- 
partion. 


Irſt reckon the two numbers given on both ſides of the Lines of Lines 
from the Center, and mark the terms to which either of chem. ex- 
tendeth, then take out a Line reſembling the ſecond number again, .and 
tq it open the Setor in the terms. of the firſt number, for ſo keeping the 
Seftor at this Angle, the Parallel Diſtance between the. cerms of. the 
ſecond lateral Number, being- meaſured in the ſame Scale, from 
whence ma Parallel was taken, ſhall give che third Number Prov 
tional. 
Let the two Numbers given be 18, 24. Theſe being reſembled in 
Lines, the work will be in a manner all one with that in Prop.6.. and ſo 


the thixd Proportional number will be found to be 32... 
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10. Three Numbers being givtn., to find a fourth in Tiſcontloual 
Proportion, 


| bo Solution of this Propoſition, isin a manner all one with thar 
before in Prop,7. only there may be ſome difficulty in placing of che 


- numbers. To ayoid this, we muſt remember that three numbers being given, 


the queſtion is annexed bur to one, and this muſt always be placed in the 
third place, that which agrees wich this third number in denomination, 
ſhall be che firſt number, and chat. which remzineth the ſecond number. 
This being conſidered, reckon che firſt and chird nambers, which are of 
the firſt Denominar'on on borh fides of the Lines of Lines from the Center, 
and mark the terms to which either of chem extenderh, then cake out a 
Line reſembling the ſecond namber, and to it open the SeRor in the terms 
of the firſt number, for ſo keeping the SeRor at this Angle, the parallel 
Diſtance berween the cerms of the chird lateral Number, being meaſured 
in the ſame Scale from whence his Parallel was caken, ſhall give the fourth 


number Proportional. 


As if xqueſtion were propoſed in this manner, ro yards coft $7. how 
many bal may we buy for 122 /. here the queſtion 1s annexed to 12; 


and therefore ic ſhall be che third number, and becauſe 8 is of the ſame 


denomination, it ſhall be rhe firft number, then 10 remaining, it muſt 
be the ſecond number, {ſo will they ſtand in this order, 8, 10, 12. Theſe 
being reſembled in Lines, the work will be in a manner the ſame with 
thar in Prop.7. and che fourth Proportional number will be found co be 
T5 : 'for 48 aretoio, ſo12 wnto 15. | 

' And this holdeth in dire& Proportion 3 where as the firſt number is 
to the ({econd, ſo the third to the fourth. So that if the chird number 
be greater chan the firſt, the fourch will be greater chan che ſecond ; or 
if the third number be leſs than the firſt, che fonrth will be leſs than the 
ſecond, bur in reciprocal Proportion, commonly called the Back. Rale, 
where, by how much che firſt number is greater than the third, fo much 
the ſecond will be leſs than the fourth, or by how much the firſt number 
Is leſs than the third, ſomuch the ſecond will be greater than the rok, 
the manner of working maſt be contrary, that is, the SeRor is to 
- 199 in the terms of the third number : and the Parallel reſembling 
the number required, isto be found berween che terms of the firſt num- 
ber, the reſt may be obſerved as before, as for example. 


If 
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If twelve men wonld raiſe a Framt in ten days, in how many days wonld 
elght men raiſe the ſame Frame? Here, becauſe the fewer men would re- 
guire longer time, though the number be 12, 10,8, yet the fourth Propor- 
tional will be found to-be 15. | 


So if 60 Yards of three quarters of a Yard in bredth wonld hang round 
about a room, and it were required to know how many Yards of half a Yard 
in lr edth would ſerve for the ſame room. The fourth Proportional wonld 
be fonnd to be 90. 


So if to make 4 Foot ny rs 13 inches in bredth do require 12 inches 
in length, and the bredth being 16 inches, it were required to know the 
length. Here, becauſe the mor bredth, the leſs length, the fourth Propor- 
tional will be fonnd to be 9. Z 


Soif t0 make a ſolld Foot, a Baſe of 144 inches, require 12 inches in 
height, and a Baſe given being 216 inches, it were required to know how 
#24ny inches it (hall have ig height. The fourth Proportional would be found 
to be $, 


This laſt Propoſition of finding a fourth Proportional Number 
may be wrought alſo by che Lines of Superficies, and by the Lines 
of Solids. 


OT a Jn " 
Ia $7" 3-4 a. . 5 aka » 
kB. a__ 
Y . 
” — 


tg IA EEE oe ES SLAC or RIPE CH AA Ao Eee AY CO ETIES 
4 ” ” | as : . , 
F- . . 
Sy ' , ” ' -& As 
s & * . ' 


Py —— 


CHAP. 11I. 
The Uſe of the Lines of Superficies. 


t, To find a Proportion between two or more like Super fictes, 


Ake one of the ſides of the greater Superficies given, and according 
to it open the SeRtor in the points of 100 and 100 in the Lines of 
Superficies, then rake the like (ides of che lefſer Superficies ſeverally, and 
carry them parallel co the former, cill chey ſtay in like points, ſo the 
number of poinrs wherein chey ſtay, ſhall ſhew their Proportion un« 
to I0O, * 
8 4100 
of 041 B 40 ; 


Let A and B, be the ſides of like Superficies, as the fides of two 
Squares, or the Diameters of two Circles, firſt I rake the fide A, and co 
3c open the SeRor in the poinrsof 100, then. keeping the Seftor to this 
Angle, I enter the lefler fide B, parallel co the former, and find it ro 
croſs the Lines of Superficies in the points of- 40, wherefore the Propor- 
tion of the Superficies, whoſe (fide is A, to that whoſe (ide 1s B, is as 100 
unto 40, which is in lefler number as 5 unto 2, 

This Propoſicion'might have been wrought by 60, or any other Num- 
ber that admits ſeveral Divifions. Ir may alſo be wrought without open« 
ing the Ser, for if the fides of the Superficies given be applied co che 
Lines of Superficics, beginning always at the Center of the SeRtor, there 
will be fach Proportion found between them, as between the number of 
parts whereon they fall, 


. 2, To angment a Swperficies in a given Proportion, 
' 3: Todiminiſh a- Swperficles in a given Proportion. 


FTA ke the (ide of the Superficies, and toit open the Sefor in the points. 


.. of the numbers given; then keeping the ScRor at that Angle, the 
parallel diſtance berween the points of che. gumber required, ſhall give 
the like (ide of che. Superficies.requireds. TMs 
. Let: 
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. required to ſubtrat the- Square of B, ont of the Square of A, and to 


the ſide A in - cthEProportion &' 5 to H and ſo I ſhould produce che fide 
| "x 


- 


The Uſe of the Lines df Superficies; 27 

Let A be the fide of a Square, to be augmented in the Proportion of 
2ro 5. Firſt, Icakethe fide A, and pur it over in the Lines of Super- 
ficiesin 3 and 23 ſothe Parallel between 5 and 5, doth give me the fide 
B, on which if I ſhould make a Square, it would have ſuch Proportion 
to the Square of A, as 5 unto 2, 

In like manner, if B were the Semidiameter of a Circle to be dimi- 
niſhed in the Proportion of 5 unto 2, I would take out B, and pur ir 
over in the Lines of Superficies in 5 and 5 ; fo the Parallel berween 2 
and 2 would give me A; on which Scmidiameter if I ſhould mike a 
Circle, it would be leſs than the Circle made upon the Semidiameter B, 
in ſuch Proportion as 2 is leſs than 5. 

For variety of work, the like caution may be here obſerved to that 
which we gave in the third Propoſition of Lines, | 


4. To add one like Superficies to another, 
5. To ſubtrabt one likes Superficies from another, 


Irſt, - Proportion berween like ſides of the Superficies given, is to 
be found by the firſt Propoſition of Superficies, then add or ſubtra& 
the numbers of choſe Proportions, and accordingly augment or diminiſh 
$y the former Propoſition, 'H 
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Asif A and B were the fide of rwo Squares, and it were required co 
make a third Square equal to them both. Firſt the Proportion berween 
the Squares of A and B, would be found to be as 100 unto 40, or in the 
lefſer numbersas5 to 2 ; then becauſe 5 and 2 added'do make 7, I aug- 
ment the fide A. inthe Proportion of 5 to 7, and ic will produce the fide 
C, on which if I make aSquare, it will be equal to both the Squares of 
A and'B, which was required,” . 4 

In like manner A = B being the ſides of two Squares, if it were 


make a Squatt £qual ro the Remainder, here the Proportion being as 5 
to 2, becauſe 2 raken our of 5, the' Remainder is 3, I would diminiſh 


D, on 
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D, on which if I make a Square, it-will be equal co the Remainder, 
when the Square of B is taken our of the Square of A, that is, the rwo 
Squares made upon B and D, ſhall be equal co-che firſt Square made 
upon the fide As 


6. Tefind a mean Propertional between two Lines given. 


IrN find what Proportion is between the Lines given, as they are 

Lines, by the fifth Propoſition of Lines, then-open- che SeRor in 
the Lines of Superficies, according to his Number, to the quantity of 
the one, and a Parallel caken between the points of che Number belong» 
ing; to- the other Line ſhall be che mean Proportional; | 


cA 


| | os 
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Ler che Lines given be A-and C. The Proportion- between: them (as 
they are Lines). will be found, by che fifth Propoſition of Lines, to be, 
as 4to 9, Wherefore, I take che Line C, and put it over to the Lines 
of Superfic.ex berween g and 9, and keeping the SeRtor at this Angle, 
his Parallel beeween 4 and 4 doth give me B, for.the mean Proportional. 
Then for proof 'of che Operation I may take this Line B,. and put over 
berween 9.and 9:: ſo his Parallel berween 4 and 4, ſhallgive me che firſt 
Line A. Whereby it is plain, that theſe chree Lines do hold in conti- 
nual Proportion ; and therefore B is a mean Proportional between A and 
©, the excremes given. 


Upon the finding-oat of this mean Proportion, . depend many Co». 


rollaries,. as. 
To makt a Square equal to a Superficies given. 


FF the Superficies given be a reangle Parallelogram, a mean Propor- 
tional. between the two unequal Sides ſhall be the Side of his-cqual 
Squares . 

If it hall be a-Triangle, a-moan Proportion between the Perpendicul 
and half. che Baſe ſhall be the Gide of his. I'Square,. If it ſhall: be 
any ocherright-lined: Figure, ic: may: be reſolved into: Triangles, and ſo 
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The Uſe of the Lines of Superfities; 29 
a Side of a Square found equal to every Triangle, and theſe being re- 
duced into one equal - Square, it ſhall be equal co the whole right-lined 
Figure given. 


To find 4 Proportion betyeen Super ficier, thigh they be unlike ont to 
the other. . \ 
{B? 
F to every Superficies we find the fide of his equal Square, the Pro- 
I portion berween theſe Squares ſhall be che Proportion berween the: 
Superficiesgiven, 
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Let the Saperficies given be the oblong A, and the Triangle B;, Firſt 
berween the unequal Sides of A, I find a mean Proportional, and note 
itinC: Thisis the fideofa Square equal unto A. Then between the 
Perpendicular cf B, and half his Baſe, I'find'a mean Proportional, and 
note itin B: this 1s the fide of a Spuare equal co B :- but che Propor- 
tion berween the Squares of -C and B, will be found, by he firft Pro-. 
poſition of Superficies ro beas 5 ro 4 : and therefore this is the Propor- 
tion berween thoſe given Superficies. 


To make a-Superficiet, lik to one Superficier, and equal ts another. . 


Fr che one Superficies given be the Triangle. A, and the other the- 
Rhomboeides B; and ler. it be required ro make another Rham- 
boides like to By and equal co the-Triangle A.. 


Fuſt;, 


zo TheVſe of the Lints of Superficiese 

Fuſt, between che Perpendicular and the Baſe of B, I fiad a-mean 
Proportional,and note it in B,as the fide of his equal Square, chen berween 
| the Perpendicular of the Triangle A, and half his Baſe, I find a mean Pro- 
portional,and note it in Ayas the fide of his equal Square, Wherefore now 
as the fide Bis tothe fide A, fo ſhall the fides of the Rhomboides given 
be ro Cand D, the fides of che Rhomboides required, and his Perpen- 
dicular alſo toE, the Perpendicular required, 
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Having the Sides and the Perpendicular, I may frame the Rhom- 
boides up, and it will beequal to che Triangle A. 

Tf the Superficies given had been any other right-lined Figures, they 
- might have been reſolved into Triangles and then brought into Squarcs 
as before. 

Many ſach Corollaries might have been annexed, but the means of 
Rading « mean Proportional being known, they all follow of chem- 
ſelves. | 


7. To find « mean Proportional between two Number; given. 


Irſt, reckon the two Numbers given on both fides of the Lines of 
Superficies, from the Cencer, and mark the cerms whereagco they 
extend ; then takea Line our of the Line of Lines, or any. other Scale 
of equal parcs reſembling oue of choſe Numbers given, and pur it over in 
the terms of his like Number in che Lines of Superficies ; for {o keeping 
the SeRtor at-this Angle, che Parallel caken from che rerms of the other 
Number and mcaſured in ths ſame Scale from which the other Parallel 

was taken, ſhall here ſhew the Mean Proportional which was required. 
Ler che Numbers given be 4and 9. If I (hall cake the Line A in 
we 
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Thr Ofc of the Lines of Superfic ef. | in 
the Diagram of che fixth Propoſition reſembling 4, in a Scale of equal 
parrs, and o it open the Setor in the terms of 4 and 4, in the Lines of 
Superficies, his Parallel berween 9 and 9 doth give me B for che Mean 
Proportional, And this meaſurcd in the Scale of equal parts d>th ex- 
des 6, which is the Mean Proportional Number berween 4 and 9: 
For as 4to 6, (oGto g. 

I like manner, it Icake the Line C, reſembling 9, 'in a Scale of equal 
parts, and co it open the Seftor in the terms of gand 9, in the Lines of 
Superficies,. his Parallel berween 4 and 4 doth give me the ſame Line B, 
wh'ch will proveto be 6, as before, if ic be meaſured in the ſame Scale 
whence C was taken, 

For the Figures 1, 2, 3, 4, &c, here ſer down upon the Line, do ſome- 
time ſignifie theraſelves alone : ſometime 10, 20, 30, 40, &c, ſome- 
time 10@, 200, 300, 40o, &c. and (o ferward, as the matter ſhall 
require. The fiſt Figure of every Number is alway that which is here 
ſet down : the reſt muſt be ſupplied according to the nature of the Que- 
ſtion. | 

If you ſuppoſe Pricks under the Number given (as in Arithmetical 
Extraction) and the laſt Prick to the lett hand ſhall fall under che laſt 
Figure (which will be as ofc as there be odd Figures) the unite will be 
beſt placed at 1, in the middle of the Line; ſo the Root and che Square 
will both fall forward, roward the end of the' Line. Bur, if the laſt 
Prick (hall fall under rbe laſt Figure bur one (which will be as ofc as 
there b: even Figures) then the unice may be placed ar 1 in the beginning 
of the Line, and the Square in the ſecond length : or the unite may be 

laced at 10, in the nl of the Line, ſo the Root and the Square will. 
boch fall backward, roward the middle of che Line. 


Fa 
F of 


8. To find the Square Rot of a Number. 
9. The Root being given,. to find the Square Number of that Root. 


N the Extration of a Square Root it is uſual ro ſer Pricks under the 
I firſt Figure, che third, the fifth, the ſeventh, and ſo forward, be- 
ginning from the right hand roward che lefr, and as many Pricks as fall 
to be under the Square Number given, ſo many Figures ſhall be in che 
Root : ſo that if the Number given be leſs than 100, the root ſhall be 
only of one Figure; if leſs than 10000, it ſhall be but two Figures ;. if. 
leſs than 100000, it ſhall be three Figures, & ec. 

Thereupon che Lines of Superficies are divided fuft into an hundred: 

parts, 


3z The Uſe of the Lines of Superficiess 


parts, and if the Namber given be greater than 100, the firſt Divifios 
(which before did fignifie only one) muſt fignific 100, and the whole 
Line ſhall be: 10000 parts : if yer the netnber given be greater thaa 
10000, the firſt Diviſion muſt now fignifie 10000; and the whole 
Line be efteemed at 1000000 par:s: and if this be too litcle co expreſs 
the Nambergiven, as oft as we have recourſe to the beginniag, che whole 
Line (hall increaſe ir(elf an hundred times. 

By theſe means if che laſt Prick to the lefc hand ſhall fall under the 
laſt Figare, which w:ll be as ofr as chere be odd Figures, the Number 
given ſhall fall out berween che Cen:cr of the SeRor and the centh 
Duvifion : but if the laſt Prick ſhall fall under the laſt Figure bur 
one, which will be as ofc as there be even Figares, then the Num- 
ber given ſhall fall oac berween che tenth Divifion and the end of che 
Sccor. 

This being conſidered, wheay a Number is given, and the Square 
Root is required, take a pair of Compaſſes, and ſetting ene Foot in the 
Center, ex:end the other co the cerm of che number given in one of the 
Lines of Superficies; tor this Diſtance applied ro one of the Lines 
of Lines, ſhall (ſhew whac che Square Root is, without opening the 
Sector. 

Thus 36 doth giveaRootof 6 ; and 360, a Root of almoſt 19 : aud 

3600, a Root of 60 ; and 36000, a Rootof 189, &c. 

In like manner, the neareſt Root of 725 is here found to be (a- 
bout) 27, ihe n:arcſt Root of 9250, about 85 : the neareſt of 72500, 
_ 20 and the neareſt Roor of 725000, about 851 ; ' And ſoin 
CC TCIT, 

On che contrary, a Number given may be ſquared, if firſt we extend 
the Compaſles to thie Number given in the Lines of Lines, and chen 
apply chat Diſtance to the Lines of Superficies, as may appear by the for- 
mer Examples. 


10, Three Numbers being given, to find the fourth in a duplicated 
Proportion. | 


T is plain (by Euclid. Lib.6. Prop,t9 & 20.) that like Superficies doth 
hold in a duplicated Proportion of their homologal Sides, whereu 

a queſtion being moved concerning Superficies and cheir Sides : L i 

ulnal in Arichmetick, that the Proportion be firſt duplicated before the 

Queſtion be reſolved, which is nor neceſſary iv the Le of the Ser, 


only 
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The Uſe of the Lint of Super ficies. 33 
enly, the Numbers which do fignifie Superficies, muſtbe reckoned in the 
Lines of Superficies, and chey which fignific the Sides of Superficies, in 
the Lines of Lines, afree this manner. 

If a Queſtion be made concerning a Superficies, the two Numbers of 
the firſt Denomination muſt be reckoned in che Lines of Lines : and the 
Setor opened in the terms of the firſt Number to the quancicy of a Line 
out of the Scale of Superficies reſembling che ſecond Number ; ſo his Pa- 
rallels caken between the terms of che third Number, being meaſured in 
the ſame Scale of Superkicies, ſhall gire che Superficial Namber whick 


was required. 

Azif a'Square, whoſe fideis 40 Perches in length, ſhall contain 10 
Acres in the Superficies, and ic be required co know how many Acres the 
Square thould contain, whoſe fide is 60 Perches. 

Here if I rook 10 out «cf che Line of Superficies, and pur it over in 49, 
in the Lines of Lines, his Parallel between 60 and 60, meaſured in the 
Line of Superficies, would be 222, and fuch is the number of Acres 
required. For Squares do hold in a duplicaced Proportion of their ſides; 
wherefore when the Proportion of their fides is as 4 to 6, and 4 multi- 
plied into 4 become 16, and 6 multiplied into 6 become 36, che Pro- 
portion of cheir Squares ſhall be as I6 co 36, and ſuch is the Proportion 
of 10to 32 3, 

If a Field meafured with a Statute Perch of 16 © foor, ſhall contain 
288 Acres, andic be required to know how many Acres it would contain 
if ic were meaſured with a Woodland Perch of 18 foot. ke {2 

Here becauſe the Proportional is reciprocal, if I cook 288 our of che 
Line of Superficies, and pur ir over in 18 in the Lines of Lines, his Paral- 
lel berween 164 and 16 4 meaſured in che Line of Superficies, would be 
242; and ſuch is che Number of Acres required, 

For ſeeing che Proportion of the Sides is as 164 to 18, or in 
lefler Numbers as xt co 12, and chat 1t multiplied into x 2 become 
121, and 12 into 12 become 144, the Proportion of theſe Super- 
ficies (hall be as 12x co 144, and fo have 288 to 242, in reciprocal 
Proportion, 

On the contrary, if a queſtion be propoſed concerning the Side of a 
Superficies, the cwo Numbers of che firſt Degomination muſt be rec. 
koned in the Lines of Superficies, and che Setor opened in the terms of 
che firſt Number co the quantity of a Line, our of the Line of Lines or 
ſome Scale of equal parts, kala the ſecond Number z ſo his Paral- 
lcl taken berween the terms of che third Number being meaſured - the 
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The: Uſegf the Line of Superficier. 


ſame Scale wich che ſecond Number, ſhall give the fourth Number re- 


aired. - 

, As if a Field contained 288 Acres when it was meaſured with a Sra- 
tatePerch of 16 5, and being meaſured with anocher Perch,was found ro 
contain 242 Acres, it were required to know what was the length of che 
Perch with which it was ſo meaſured, i 

Here becauſe the Proportion is reciprocal, if I took 16 4 our of the 
the Line of Lines, and pur ir over 1n 242 in che Lines &f Superficies, his 
Parallel between 288 and 288, being meaſured in the Line of Lines, 
would be 18, and ſuch is the length of the Perch (in Feer) wherewith the 
Field was laſt meaſured. 

For ſeeing the Proportion of the Acres is as 288 unto 242, or in 
the leaſt Numbers, as 144 to 131, and that che Root of 144 is 12, 


and the Root of 121 is 11, the Proportion of Roots, and conſequently 


of che Perches, ſhall beas 12 to 11, and ſoaret6 4 to 18 in reciprocal 


Proportion, 


If 360 men were to be ſet in form of a long Square, whoſe Sides 
fhall have che Proporcion of 5 to 83 and ir were required to know the 
Number of men to be placed in front and file : If che Sides were on'y 
5 and 8, there ſhould n bur 40 men; bur chere are 360: therefore, 
working as before, I find thar, 


Ms 4e to the Square of 5 : 
Ss 360 to the Square of 15. 


As 49 to the Square of 8 : 
. $0 360 tothe Square of 24. 
and ſo15 and 24 ate the Sides required. 


If 1000 meg were lodged in a ſquare ground whoſe Side were 6a 
paces, and.ic were required ro know rhe Side of the Square wherein 5000 


might be ſo lodged, here working as before, I ſhould find that, 
As IOOO, are t0 the Square of 60 L 


So 5000 to the Square of 134. * 
And ſach, very meary. is the Number of paces required, 


3m. How 
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It. How to deſcribe a Parabila, by belp of the Line of Lines and Su- 


perficier, 


Pon An as the Diameter, prick 

down , by the Line of Lines, che 
equal Parts Ao, Au, A , Al, A m, 
An, &c. and from theſe Points raiſc 
the Perpendiculars ox, uz, yg, lp, 
. mq, nh, &s. And upon the Perpen« 
dicular ox, aſſume the Point x, and o 
the SeRor in the Line of Superficies, (o 
thac ox ( being che firſt Perpendicular ) 
may fall in wich the Points x... x (the 
firſt of the Line of Superficies: ) Then 
if you rake off from the ſame Line 2.,.,2, 
you ſhall prick down az, and 3... 3 
gives yg; and4---4, Ip; $-..5,mqz 
6...6, nhz &c. 


# 


Or, you may begin your work from nh, which ( becauſe ic is 
the fixch Popen_ns ) take from n to h, the Point aſſumed, and 


ſer that lengt 


in the Line of Superficies from &to 6, ſo may you 


prick down the other Points correſpondendly. 
Though theſe Poiats h,q, p, g, with an eyen hand draw che 
Parabola, 


And here note, that Parabola's may be deſcribed of infinite Varie- 
ties, according to the Cones from whence they are taken, yet keep- 


ing all one and the ſame lengch, 


75 


CHAP. IV. 
 The-Uſe of the Lines of Solids. 


- 


I . Tofind a Proportion between two or tore like Solids. , 


"the Sphere, in regular, parallth, and other like bodies, whole Sides 
| Þ next'the equal Angles are proportional, the work js in a manner -che 
/ſame, with that in the fiſt Propoſicion of Superficies,bur that it is wronghe 


_- onother Lines. | 


Take one of the (ides of the greater Solid, and according to ir open the 
SeQor 1n the points of x000and 1000, in the Lines of Solids, then take 
che like Sides of che leſſer Solids (everally, and carry them parallel ro che 
former, cill chey ſtay in like points, ſo the number of points wherein they 
Ray (hall ſhew their proportion to xO0O, 


a 1000 


Lt 


A. B 4-00 = 


Ler A and B be thelike Sides of like Solids, either the Diameters or 
Semidiameters of two Spheres, or the fides of two Cubes or 'other like. 
Firſt I rake che fide A, and to ic open the Seftor in the points of 1000 
then keeping the SeRtor at this Angle, I enter the lefler Side B parallel to 
the former, and find ic to croſs the Line of Solids jn the poiars of 400 
and fuch is the Proportion berween the Solids requized, which in lefler 
age" TA _ 50 2, ot 

This Propoſition might have been wrought by. 60, or 
ber that adi evra Divion OY Rm: 

It may allo be wrought without opening the SeRor, for if the 
ehe Sol:ds given be applicd to the Lives of Solids, beginning —_ a 
Center of the Seftor, chere will be ſuch Proportion between them, as be. 
eween the Numbers of parts whercon chey fall, : 


The Uſe of the Lines of Solids J7 


2. To augment 4 Solid in a given Proportlon. 
3. Todimini(ſh a Solid in a given Prop-rtion. 


Ake the fide of the Solid given, and to ic open the Seftor, in the 

points of the Number given: chen keeping the SeQor ar that Angle, 

the paralle] Diſtance berween the points of the Number required, (hall 
give the like Side of che Solid required. 

If ic be a parallelopipedon or ſome irregular Solid, the other like 

Sides may be found our in the ſame manner, and with chem the Solids 


requized, may be made up wich che ſame Angles, 
"Wk. TSh 4 | 
y'7 — —— - —4 T 


| Let A be the fide of. a Cube, to be angmented in the Proportion of 2; 
to 3- Fuſt, Itakethe fide A, and purit over.in the Lines of Solids in 
2 and 3, (ſo the Parallel berween 3 and 3; doth give me the- fide B, on: 
which if Imake a Cube, it will have ſuch Proportion to the. Cube of A, 
a$:3 tO 2+ G 
In like manner, if B were the Diameter of a Sphere, to be diminiſhed 
is the proportion of 3 ro 2. I. would rake our B, and put ic over in 
the Lines of Solids, in 3 and 3, fo the Parallel berween 2 and 2; would 
ive me_ A 3. to which Diameter if I ſhould make a Sphere, ic would be 
ſets than the Sphere, whoſe. Diameter is B, in ſuck proportion as. 2-is 


Teſs than 3. : 
Here alſo for variety of work, may the like caution be obſerved to that 


which we gave in the chird Propoſition of Lines. 


4. To add one like Solid to another, 
5. Toſubtralt one like Solid from another, 


Irſt the Proportion between the ſides of the like Solids given, is to be- 
| by the firſt Propoficion of Solids : then add or ſubtraR thoſe. 
Proportions, and accordingly augment or diminiſh by.the former Pro-- 

fition. ; 
F: Os if Aand B were the {des of two Cubes, and 'it were required to - 
make a third Cube equal corchem boch : firſt the Proportion berween the 


fides A and B, would be found ro be as 200 to. 40, or in lefler rerms as - 
$5Q 
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$022 then becauſe 5 and 2 being added do make, I aygment the fide 
A, inthe proportien of 5 to 7, and produce the fide C, on which if I 


rake a Cube, it will be equal co both the Cubes of A and B, which 
was required, | 


L 
RB - py | 


B 
C 
D 
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Inlike manner A and B being the fides of ewo Cubes, if it were re- 
quired to ſubtra& the Cube of B out of the Cube of Az and to make a 
Cube equal co che Remainder, Here che Proportion being as 5 to 2,_be- * 
cauſe 2 raken our of 5, the Remainder is 3, I ſhould diminiſh the fide 
A in the wy 0m of 5 to 2, and ſo I ſhould have the fide D, on which 
if I make a Cube, ir will be equal to che Remainder, when che Cube of 
B is raken our of the Cube of A, that is, the ewo Cubes made upon B and 
D ſhall be equal co che firſt Cube made upon the fide A. 


6. Tofind two mean proportional Lines between two extreme Lines given. 


| Tb find what Proportion is berween the two extreme Lines given, 

as _—_ Lines, by che fifth Propoſicion of Lines, then open the 
SeRorin the Lines of Solids, to the quantity of che former Excreme, and 
a Parallel berween the points of the number belonging to the other Ex- 
treme, ſhall be chart mean Proportional, which is next the former Ex- 
ereme. This done, open the Setor again to this mean Proportional in 
* the points of the former Extreme, and the parallel Diſtance berween 


che points of the latter Extreme, ſhall be che ocher” mean Proportional 
requred, 
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Let che two extreme Lines given be A and D, the Proportion between 
them, as they are Lines, will be found co be as 27 co 8. Wherefore I 
rake-che Line A, and put it over in the Lins of Solids berween 24 and 


27 ,and 


% 


27, and keeping the SeRtor at this Angle, his Parallel berween 8 and $ 
doth give me B che mean Proportional next unto A, Then put I overthi® 
Line B, berween the aforeſ1id 27,and 27, and this Parallel berween 8 
and $ doth give me the Line C, the ocher mean Proportional which was 
required, 

Again, for proof of the operation F pur over chis Line C in the zfore- 
ſaid 27 and 27, and his Parallel berween $ and 8 doth give me che very 
Line D: whereby ir is plain chat the'e four Lines do hold in contioual 
Proportion 4 and ſo B and C are found to be the Mean Proportionals bes 
tween A and D he Excreme given. 


7. To find two mean propurti;nal Numbers between two extreme Num« 
. bers given, 


Irſt reckon the Numbers given on both (ides of che Lines of Solids, 

beginning from the Center, and marking the terms whereto they 
extend : then take a Line out of the Line of Lines, or any other Scale 
of equal parts reſembling che former of thoſe Numbers, and pur it over 
in che Lines of Solids, berween che points cf hislike Number, and a Pa- 
rallel between the points belonging ro the other Excreme, meaſured in the 
Scale from whence the other Parallel was taken, ſhall give chat mean pro- 
portional Namber which is next the former Extreme, This done open 
the Seftor again to this mean Proportional in the Points of the former 
Extreme, and the parallel Diſtance between the points of che latter Ex». 
creme, meaſured in the ſame Scale as defore, ſhall there thew the other 
mean Proportional required, 
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Let the two extreme Numbers given be 27 and 8, if I ſhall cake che. 
Line A, reſembling 27-ina Scale of equal parts, and to it open the Sector 
in 27 and 27, in the Line of Solids, his Parallel berween $and 8 doth 
give me B,. for his next mean Proportional, and this meaſured in the 
former Scale doth extend to 18, Then put I over this Line B, berween- 
the foreſaid 27 and 27, and his Parallel berween 8 and 8-doth give- me 
C, fer the other mean Proportional, and chis meaſured in the grmuns 

ale. 
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' Scale doth extend ro 13, Again, for proof ofmy work, T put over this 
Line C, berween 27 and 29, as before, and his Parallel beeween 8 and $8 
doth give me D, which meaſured in the former Scale doch extend to 8, 
- which was the latter extreme Number given 3 whereby ic is Plain, thac 
theſe four Numbers do hold in continual Proportion : and therefore 
18 and 12 are Mean Proportionals between 27 and $8, which was re- 
ured. | 
6 If you ſuppoſe Pricks under the Number given as in Arithmetical Exc 
PW vgs that laſt Prick to the left hand ſhall fall under che laſt figure, 
asin 1728, the unite will be left placed at 1, inthe middle of the Line, 
and the Roor, Square and Cube will all fall forward coward the end of 
che Line. ; 


TE che [aft Prick ſhall fall under the laſt Figure but one, as in 172$0 ;- 


the nnite may be placed at I, in the beginning of che Line, and che Cube 

in the ſecond length: or the unice may be placed ac 10, inthe end of the 
Line, and the Cube in the firſt length. 

" Bur if the laſt Prick (hall fall on che laſt Figure but two, as in 

173800; then, place the unite always at 19 in the end of the Line: 

ſo the Root, Square and Cube will all fall backward and be found in the 


ſecond length. 


8. T7 find the Cubique Rot of a Number. 
9. The Rood being given #0 find the ('ube Dumber of that Root. 


N the ExtraRtion of a Cubique Root, it is uſual to ſer Pricks under the 
firſt Figure, the fourth, the ſeventh and centh, and ſo forward omit» 
ting rwo, and pricking che third from che right hand coward the lefr ; 
__ as many Pricks as fall to be under the Cubique Numbers, ſo' many 
Figures ſhall be in th: Root. So that if the Number given be leſs than 
xooo, the Root ſhall be only of one Figure; if leſs than 1000000, ir 
Ghall be bur of ewo Figures ; if above theſe, and leſs than tr 000000000, 
it ſhall be buc three Figures, &c. whereupon the Lines of Solids are di- 
vided, firſt into 1000 parts, and if the Numbers given be greater than 
000 the firſt Divifion (which before did ſignifi only one) muſt fignifie 
1-000, and che whole Line ſhall be 1000000 : if yer the Number given 
be greater than 1008000, the firſt Diviſion muſt now fignifie xooooo0, 
and che whole Line be eſteemed at 1000000000 parts, and if theſe be 
too litcle co expreſs the Numbers given, as oft as we have recourſe to the 
beginning, the whole Line ſhall zacreaſc irfelf a thouſand times, 
By 
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By theſe means, if che laſt Prick, to the Jeft hand, ſhall fall under 
the laſt Figure, the Namber given ſhall be reckoned at the beginning of 
the Lines of Solidsfrom 2 co 10, and the firſt Figure of the Root ſhall 
be always eithex 1 or 2, If thelaſt Prick ſhall fall under the laſt Figure 
bur one, then the Number given ſhall be reckoned in the middle of the 
Line of Solids, berween 10 and 100, and the firſt Figure of the Roor 
ſhall be always either 2, or 3, or 4 Burt if the laſt Prick ſhall fall under 
the laſt Figure but ewo, then the Number given ſhall be reckoned at che 
end of the Line of Solids, berween 100 and 1000, 

This being conſidered, when a Namber is given, and the Cubique 
Root required, ſer one Foot of the Compaſſes in the Center of the Setor, 
extend the other in the Line of Solids co the Points of che Number gi- 
yen: Forthis Diſtance applied to one of the Lines of Lines, ſhall ſhew 
what che Cubique Root 1s, wichout opening the Sector, | 


So the neareſt Root of $490000, is about 204. 
The neareft Root of 84900000, is about 439. 
The neareſt Root of 84g000000, is abouc 947. 


On the contrary, a Number may be cubed, if firſt we extend the 
Compaſſes co che Number given, in the Line of Lines,- and then apply 
the Diſtance to the Lines of Solids, as may appear by the former Ex- 


amples, 


10. Three Numbers being given, to find a fourth in a triplicated Pro- 
portion, 


A® like Superficies do hold in a duplicated Proportion, fo like Solids 
A. in a criplicared Proportion of their homologal Sides : and there- 
fore the. ſame Work is to be obſerved here on the Lines of Solids, 
as before in the Lines of Superficies, as may appear by theſe two Ex- 
amples, 

if a Cube whoſe fide is 4 inches, ſhall be 7 pound weight, and if ic 
be required to know the weight of a Cube whoſe (ides is 7 inchesz here 
the Proportion would be, 


As 4 are to'a Cube of 7 : 
So 7toa Cube of 37 3. 


Sas ® - 
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And if I took 7 our of the Lines of Solids, and put it over in 4 
and 4, in the Lines of Lines, his Parallel berween 7 and 9, meaſu- 


red in the Lines of Solids, would be 37 4; and ſuch js the weight * 


required. 

If a Buller of 27 pound weight, have a Diameter of 6 inches, and ir 
be required co know the Diameter of che like Buller, whoſe weight 1s 
125 pounds; here the Proportion would te, 


At the Cubique Root of 27, # unto G, 
So the Culique Root of 125, # wnto 10, 


And if I cook 6 qur of the Line of Lines, and put it over in 29, and 
27 of the Lines of Solis, his Parallel berwcen 125 and 125 meaſured 
inche Line of Lincs, would be 10; and ſuch is che lengch of che Di- 
ameter required, 


The End of the fir Book. 
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Containing the Uſe of the Circular Lines. 


as 


CHAP. I. 


Of the Nature of Sines, Chords, Tangents, and Secants, 
fit to be known before-hand , in =) 43h to right-lined 
Triangles. 


360 Degrees, cach Degree inco 6o Minures, each Minute into 60 
Seconds. . 

A Semicircle therefore is an Ark of 180 gr, 

A Quadrant is an Ark of go gr. 

The meaſure of an Angle is the Ark of a Circle deſcribed out of che 
angular point, 4ntercepred berween the Sides ſufficiently produced, 

So the meaſure of a right Angle is always an Ark of gogr. and in 
chis Example che meaſure of the Angle B AD in the following Fi- 
gure, is the Ark B C of 40gyr. che meaſure of the Angle B A G, 1s the 
Ark BF of 5ogr. 

The Complement of an Ark or of an Angle doth commonly ſignifie 


þ the Canon ef Triangles, a Circle is commonly divided into 


the Ark which the given Ark doth want of 90 gr, and fo the Ark; 


BF is the Complement of che Ark B C, and the Angle B AF, whoſt” * 
G 2 meaſare 


44 Of the nature of Sines and Tangents. 6 
meaſure is B-F, is the Complement of the Angle BAC ; and on the 
contrary, | 

The Complement of an Ark or Angle in regard of a Semicircle, is 
that Ark which the given Ark wanted ro makeup 1$0gr. and (o the 
Angl:E AH is the Complemenc of the Angle E AF, asthe Ark EH 
is the Complement of the Ark FE, in which the Ark CE is the exceſs 
above the Qnadranr. 
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The Proportions which theſe Arks (being che meaſures of Angles) have 
eo the Sides of a Triangle, cannor be certain, unleſs char which iscrooked 
be brought to a ſtreight Line, and that may be done by the application 
of Chords, Right Sines, Verſed Sines, T angents and Secants to the Semi- 
diameter of a Circle. 

"A Chord is a right Line ſubtending an Ark: ſo BE is the Chord of 
che Ark BCE, andBF a Chord of the Ark B4oF. 

A right Sine is half the Chord of the double Ark, wiz. the right 
Line which fallcch perpendicularly from the one Extreme of che gi- 
ven Ark, upon che Diameter drawn to the other Extreme of the ſaid 
Ark. 

So if the given Ark be B C, or the given Angle be B A C, ler the 
Diameter be drawn through the Center A unto C, and a Perpendicalar 
B D be let down from che Extreme Bupon A C, this Perpendicalar B D 
ſhall be che right Sine both of the Ack BC, and allo of the Angle 


BAC: 
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B A C: andit is alſo the half of the Chard BE, ſubrending the Ark 
BCE, which is double to the given Ark BC. Inlike manner, the Se- 
midiameter F A, is the right Sine of che Ark F C, and of the righc 
Angle FAC}; for ir fallech perpendicularly upon A C, and it is the 
half- of the Chord F H. 

This whecle Sine of go gr. is hereafter called Radimuy but the other 
Sines take cher Denomination from the Degrees and Minutes of their 
Arks. 

Sinus verſua, the Verled Sine is a Segment of che Diameter , incer- 
cepred berween the right Sine of the ſame Ark, and the Circum- 
ference of the Circle, So DC is the Verled Sine of the Ark CB, 
and GF the Verſed Sine of the Ark BF, and GH the Verſcd Sine of 


- the Ark BH. 


A Tangent is a right Line perpendicular to the Diameter drawn by the 
one Excreme of the given Ark, and terminated by the Secant drawn from 
the Center, through the other Extreme of the ſaid Ark. 

A Secant isa right Line drawn from che Center, through one Excreme 
of the given Ark, till ir meer with che Tangent raiſed from the Diamecer 
at the other Extreme of the faid Ark. 

So if the given Ark be C E, or thegiven Angle be C AE, let the Di- 
ameter be drawn chrough the Center AtoC, andinCrto AC, be raiſed 
a Perpendicular CI. Then let another Line be drawn from the Center 


A through E, cilt ic meer wich che Perpendicular CI in I; the Line 


CI is a Tangent, and ALI is the Secant bo:h of the Ark CE, and of 
che Angle C A E. 


CHAP. II. 
Of the general Uſe of Sines and Tangents. 
t. The Radivu being known, to find the right Sine of any «rk 


or Angle. + 
F the Radins of the Circle given be equal to the lateral, Radins, that S 
is ts the whole Line of -Sines on the Sefor, there needs no farther [* 
work, bur to rake the other Sines alſo ont of the Side of the SceRor. J 
But if ic be cither greater or lefſer, chen let ie be made a parallel Ra- 4 
dius, by. applying it over in che Lines of Sines, berween go and go, BI: 
ſo the Parallel raken from che like lateral Sines, ſhall be the Sine re- Re 
quired. > 
As if thegiven Radius be A C, and it were requived to find the Sine of S 
5G gr. and bis Complement agreeable to that Radius, & 
od E 040 fo © 22% ] : 
"5M —D ; 
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' Ler AB, AB repreſent the Lines of Sines on the Setor, and let B B 
the Diſtance berween 90 and go, be equal to the given Radius A C. 
Here the Lines A 40, Ago, A 90 may be called thelateral Sines of 40, 
5o, and 90, in regard of their place on the fide of the Se&tor, The 
Lines berween 40 and 40,between 50 and 50,berween go and go,may be 
called che parallel Sines of 40, 5o, and go, in regard they are parallel one 
co the other. The whole Sine of go gy. here ſtanding for the Semidia- 
mecer of the Circle, may be called the Radius. And therefore if AC 
be put over inthe Line of Sines in 90 and 90, and (o made a Parallel 
Radius, his parallel Sine berween 5oand 50 ſhall be BD, che Sine of 50 
required, And becauſe 5o taken out of 90, the Complement is 40, his 
parallel Sines berween 4o and 4 (hall be B G, che Sine of the Comple- 

ment which was required. 


- 2. The right Sine of any Ark being given to find the Radina, 


fi (op the Sine given into a parallel Sine, and his parallel Radius ſhall 
be che Radius required. 

As if B D were thegiven Sine of go gr. and it were required to find 
the Radius, lec B D be made a parzllel Sine of 5o gy. by applying it over 
in the Lines of Sines berween 5o and 5o, fo his parallel Radius berween 
go and go ſhallbe A C, the Radius required, 


3- The Radimu of a Circle, or the right Sine of any Ark, being giva, 
and a ſtreight Line reſembling a Sine, 10 find the quantity f that 
nnknown Sine. 


Er the Radius or right Sine given be turned into his Parallel, then 
L take the right Line given, and carry ir parallel co che former, cill ir 
Kay in like Sines, ſo the number of Degrees and minutes where ic ſtayerh, 
ſhall give the quancity of the Sine required. 

As if BD were the given Sine of 5ogr. and BG the ſtreight Line 
given, firſt I make BD a, parallel Sine of 50 gr. then keeping the 
SeRtor ar this Angle, I carry'the Line B G parallel, and find it to ſtay 
in no other but 40 and 40, and therefore 40 gr. is his Quancicy 
required. 
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4. The Radius or any right Sine being given, to find the Verſed Sine 
of any ar k. . 


F the Ark, whoſe Verſed Sine is required, be leſs than the Quadrant, 
rake the Sine of che Complement out of the Radius, and theRemain- 
der ſhall be the Sinn Verſus, the Verſed Sine of that Ark. 

As if A Bbeing the lateral Radius, it were required to find the Verſed 
Sine of. 40 gr., here the Sine of the Complement is A 50, and therefore 
B50 isthe Verſed Sine required. Or it Ireckon from B at the end of 
the Sector, toward the Center, the Niſtance from 90 'to 80 is the Verſed 
Sine of 10 gy. from goto 70, the Verſed Sine of 20 gr. from 90 to 60 
1s the Verled Sine of 3O gr. and ſoin thereſt. : 

If A D be thegiven Sine of 50 gr, and it be a, co find the Ver- 
ſed Sine of 50 gr, here becauſe A D is unequal co the lateral Sine of go gr. 
T make ic a Parallel. And firſt I find the Radius A C, then the Sine of 
the Complement A 40, which being taken our of A C, leaverh C 40, 
for the Verſed Sine ot 50 gr. which was required. 

Bur if che Ark whoſe Verſed Sine is required, be greater than the Qua» 
drant, his Verſed Sine alſo is greater than the Radius, by the right Line 
of his cxceſs above gO gr, 

Asif A C being the Radius given, it were required to find the Verſed 
Sine of 130 gr. here theexceſs above go gr. is 40gr. and therefore the 
Verſed Sine required is equal co the Ratlins A C and A 4o, both being 
ſec rogecher. 


5. The Diameter or Radins being gizen, ts find the Chords of every 
Ik: 


He Sines may be ficted many ways to ſerve for Chords, 1. A Sine 

being the half of che double Ark, if the Sine be doubled ; ic giveth 
che Chord of the double Ark, a Sine of 10 gr. doubled givech a Chord 
of 20gr, and a Sine of 25 gy. being doubled givech a Chord of 50 gr, 
and ſo in thereſt ; As here B D, the Sineof BC, an Ark of 4ogr. 
being donbled, giveth BE the Chord of BCE, which is an Ark of 
80gr. Wherefore if the Radius of the Circle given be equal to the 
laceral Radius, ler the Sefor be opened near unto his length, ſo that both 
che Lines of Sines may make bur one direRt Line : (o the Diſtance on the 
Sines berween 10 and 10 ſhall be a Chord of 20, the Diſtance berween 
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20 and 2d ſhall bea Chord of 4e, and the Diftance berween 30 and 30, 
thall be a Chord of 60, and fo in the reſt, 

. 2, Becauſe aSine is the half of the Chord of the double Ark, the Pro- 
portion holderh. 
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As the Diameter F H unto the Radius A H, fo the Chord BE unto 
the SineDE, ' or che Chord G L untsthe Sine A L, and then if the Ra- 
dins A H be pur for the Diamecer, which is a Chord of 180 gy. the Sine 
D Eor AL, ſhall ſerve for a Chord of 8ogr. and the Semiradius which 
is the Sine of 3o gr. ſhall ſerve for a Chord of 60 gr. and go for che Se- 
idamerey of 2 Feecle, and (o inthe ret. So that by theſe. means we 

ill nor need ro-double che Lines cf Sineg as before, but only to double 
the Numbers. And to this purpoſe I have ſubdivided each degree of che 
Sines into twoy that ſo they might ſhew how far thehalf degrees doreach 
in che Sines, and yet ſtand for whole degrees when they are uſed as 
Choxds, *' 

Whitrefare if che Radius of the Circle givtn' be equal to_ the lateral 
Semiradius(rhe Sine of 30 gy. and Chord of 60 gr.) there aceds no far- 
ther work, then co take the Sine of 16 gr. for a Chord of 20 gr, and a 
Sine of 15 gn. fora Chord of 30gr. &c. ts. Bo | 

But if che Radius of che Circle given be either greater or leſſer than 
the lateral Semiradius, take the Diameter of ir, and make ir a Parallel 
Chord of 180 gr, by applying it over the Lines of Sinrs berween 90 

* - and 
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take the Ragies or: Semidiameer 4 which is 6 
apc; 29.4 Xx 6 Radios or GENE 4 _ equal 


ord "of 60 gr, and makeit a para by -ap= 
plying it over in the Fines of: 39-and 3a, and keep rhe Sector ac qhis- 
_— The Parallels raken from che lateral Chords ſhallbg che Chords. 
required. 

Ho if che Diameter of a Cirtle.given- were the Line A B, and ic 
were required to” find the Choret of 80g, _ Firſt make AB a pa- 
rallel Choxd of 180 gy. or the half of ic a paralle> Chord of go gr. fo: 
his yy L G, doth give me F G.the Chord: of 88.g. which was 

ired, 
"% Sceingthat ax the Sine ofthe Commplement of the half Ark ixumto the- 
Radius, & che Sine of the ſame whole Ark is unto-the Chord of ic: It 
we ſeek but for one fingle Chord, we may find it without eichier doub- 
ling the Sines, or doubligg the Namber. For epplying over thie Radius 
given in the Sine of the Complement of half the Ark required, 'his\Pa-- 
rallel Sine ſhall be the Chord required. ; 

As if the Semidiamecer of the Cixcle given- were A C, and it were 
requized to find che Chord of 4© gr: the half of 40 gy, is 20 gr. the 
Complemenr of 20 gr. is 70 gr. Wherefore I make A C apuallet Sine 
of 70g. andhys paraltel Sine G L, doth give me FG," thEChord* of 
4© gr. agreeable co the Semidiamecer A C. 


two right Lines re wovbling the Chord, and: Vir 4 Give. te find. 
e Dlawete and ple, y on 


Let che ewo right, Lines gow be A. B, re- 
ſembling che Chord,, G D:che Ver{ed $inc of 
a Circle, whoſe Arch A G B ig unknown, and, 
_ ler it be required 5o- figd the Diamecer 
FP, 
Having two Lines given, the fuſt G.D 
the fecond AD, the Palf of A B, we may 


fipd a thixd in concinyal, Proportiogn (by che E 
fixth, or nineth Propofigion. of che Liges) and: 
that, ſhall be the Line DF (18) che Sum whereof and'of GD gives the. 
Diameter G F(20)znd the half thereof ixthe Radins (E.G). 
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Urs the Chord given unto a parallel Chord, wid his parallel Semi. 
'T rata tatts Eo nc hl Rodin (hall b 
ne Meter, ,  ROTY 
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of Jo) ai Qi6rd of TO, 69 the piralid Chord of + $6. giverh 


me A Bche Diameter required. 
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Or if I curn the Chord given into a parallel Sine of the ſame quantity; 
his parallel Sige of the Complement of half the Ark, doch give me che 
Semidiameter. 

Asif F G be the given Chord of 40 gr. Iput it over in Gand L; 
the Sines of 4e gr. then becauſe the half of 40 yy. is 20 gr. and the 


enenieh 20.87% 7 FRO; 0 I, ake outche parallel Sine of 7ogr. 
== 5 W 70gr 


D 


ur giveth -ne- A B for. che- Semadiamcter, agreably co char Chond 
of 40.27, (339% 2 25001 11099197 Teng pet ig ©. 
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. Having, (he Diameter of. ev Elipfe to d+ſerjds the ſann wow A plain; 


- If exchSemidiameter bedivided, in ſuch. ſort, as-the Live of Sines 
Is divided upon the SefZor,. and. right Lines drawn through each diviſi- 
OY to thoſe = gr ters like unto Sines F-.y- Ppiors 
where che Sines drawn..through the our Seqpidiamecer 9 meer; the 
Sines of the Co nplemene drawn thr the other Semidiameter,ſhall 
be the Points —_ which che Sp tobe drawn, | 

Let the Diameters be A B,D E, one croſſing the middle of the other 
in the Point C, Divide {che Semidiamerers CA, CB; thenthe 
Semidiimeters C D, C E,li the Eides of Sines upon the Seffor, 
by theejghth Propolition of Lines :- Soy the-Ellipſis ſhall be- drawn, 
through che Bointsat the meeting of the Sines of 10 and 80, of 20 and 
70, 30 and 60, &'c. 


vi > eTJOC it, P ) low 279 9i,6.9d n9:: Jig: © = 2 *1 

. Or (with6urthe khefp of the Link of Siges we" may draw the Circle 
AF Buponthe Center C; and Senidiamerer AC, foro, rp 1- 
Diameter A B with ſeveral Perpendicular Lines contioued uri9 the 
Lircumfereace of the Circle, if we divide cheſe Porpuadlenines on 
a wh than | eitles 


ey "Ie 4s 


The gentral Ofe of Sines and Tangent:. $3 
either (ide of the Diameter in ſuch ſore as the greater Semidiamete® 
C F is divided by the lefler, in the Poine D,' and draw a Line winding 
| through allcheſe Poines,the Line ſo drawn ſhall be the Ellipſis, 
: Or —_ che help of the Sefor ) we may with the Radius A C, 
'f .upon the Centers D and E, deſcribe two occule Arches meeting m 
the Points K-and L. Then taking berween Cand K, any Number of 
of Points M-N,we may from the Centers K and L, with the Semidia- 
meter M B deſcribe four occult Arches; and with the Radius A M, 
andche ſame Centers K and L, croſs them again with other four Ar- 
ches in the Poi ©.Inlike manner,from the ſame Centers K and L, 
w with the Radius NS, we may deſcribe other four occult Arches; and 
F -with the Radius AN, andthe former Centers croſs them again, with 
w four Arches in the Points at P, and fo-draw the Ellipſis through the 
Fo Points OP,&c. 
be This is ( in effet) as we fhould tye a thread about A and L,and 
py then draw it eaſily from the Point A round abourthe ewo former Cen- 
y ters K and L, until it were brought tothe Point A again = whictiis alſo 
an ealie way to deſcribeanblliplis. 

The diſtance of theſe former Points from either Semidiameter may 
be ſer down in Numbers, For ſuppoſing the lefler SemidiamererC D;to 
be x0, thegreater (CB) to be16, (or otherwiſe divided into any 
Number of known Points,). If we have the proportion between CG 
and C B, we may findthe length of the Perpendiculer G 1. 

If the Proportion be as t to 2, the Perpendicular will be 8, 66, 

If the Proportion be as2 to 3» the Perpendicular will be about 


7+ 45. 
As the greater Semidiamerf | CB 
cathe part given CG 
$0 1 00006, the Radius 'CB 
cothe Sine of | CG 
whofe Complement is GH 
As the Radius CF 


ro the Sine of the Complement G H 
- ' So the lefler Semidiameter CD 
_ the Perpendicular. TA GI ; 
..' The ſame may alſo be found without knowing the Sines: For the: 
Perpendicular G H is -a mean Proportional between A Gand GB: 


-i ntebbeing known | 4 x 
us CF 


-—— 


unto ED, ſois G H unto:G.h-. - :- - 
T4 
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Io; Ti the Seſor to the gaentity of any Augie given. 
;. The Sector being opened, to find tht n= the Angle. 


(| T is 6nething to open the Edges of the Sefor to an Angle, and ano- 
ther ching troopen the Lines on the SeQor co. the ſame Angle, For 
the Lioes of Lines onthe one (ide, and the Linesof Simi wn the other 
fide, do mate an Angle of 2,gr. when the SeQor is clode ſhut, and the 
Edges do meke no Angle at all. - So likewiſe the Lines of Swperfichts 
and the Lines of Solid: do make an Angle of 1o pr, which are to be 
allowed co rhe Edges. 

The Lines of Liner may be opened to right Angle, if the whole 
Ling of 100 parts be applied over in $0 b60, | 

The Line of Sines may be opened to a right Angle, if the larpe Se- 
cant of 45 gr. be applied over in the Sines of 90 yy. or if the Sine of 
907r. be applied over inthe Sines of 45 gr. or if the Sine of 45 gr. be 
epplied over in the Sines of 30 gr. | 

If ir be required to open thoſe Lines to any other Angle, take out 
the Chord thereof, and apply it over in the Semiradine, md thoſe Lines 
ſhall beopened to that Angle. 

Az if ir were required to open the SeQor in the Lines of Fines to an 
Angle of 40 gr. take out the Chord of 40 gy. and to it open the Setor 
in the Chord of 60 gr.ſo ſhailtheLines of Sines be opened ro-the Angle 
required. Or if the ſame Chord of 40 gr. be applied/over berween 
So, and $0, inthe Line of Lives, they ſhall alfo be opened ro the ſame 
Hage. If it beapplied over in 23 of the Lines of Saperficies, or 125 
inthe Lines of Solids, they alſo ſhall Be opened to che ſame Angle: 
becauſe the Chord of 60 gr. or Sine of yo gr. and 50 in theLines of 
Lines, and 25 inthe Lines of Smporficier, and 125 in the Solids, are all 
of the ſame length with the Seruiradiac. 

Or if the Sexpiradixe by applied over betweenthe Sine of 30 gr. and 
the Sine of the Complement of the Angle required, ir will open the 
Lines of Size: cothat Angle. 2:04 

As if the Semiradiu be applied overanthe Sines of 36 yy. andthe 
Sine of 5ogr. it ſhall open the Lines of Sizez toan Angte of 40 yr. 

'-Qa the. -contrary, if the Srifw be bpecebromn Angle; and tt be 
required'to.&now the quancity cherecs, open #he Compeſſes to whe 
Semiradins, and (etting one foot inthe Sine of 30 gr.tutn the orher to- 

ward the other Line of Siner, amd it: hal) fab En ann 
=D &.. () 


» 
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The gea&rel Uſe of Singer and Tanpents. Fo 
ef the Angle; if itfallon yo gr. the Angle is 40 gr. if on 60 27.the 
Angle is 30 &#% Uce v6 bb 

Or take overthe parallel Chord of 60 gy. and meefure ic in the [3- 
teral Chord, and it ſhall there ſhew the quantiry of the Angle, As if 
the Seite beiog opened ta an Angle, I ſhould rake over the Parallel 
of 30 gr- of the Sines, and 6o gr. of the Chords, and meaſure it inthe 
laters] Chords, find izto be 4o gr. the Angle compretended between 
che Lines of Sinesis 40 gy. bur the Angle between the Edges of the- 
Seor is 2 gr. leſs, and therefore bat 3Þ gy. 


9, To find the quantity ef any Apgle given: 


F. out of the Angular Point, to-the quantity of the Sexviredine, be 
deſcribed an occule Ark thay may cut both ſides of the Angle, the 
cy”: on —_ mezſured inthe laters} Chord, ſhell give the quan- 
tit 6: : 

etthe Angle given-be B A C : firſt I wake the Semiradioe with the 
Compaſſes, and ſetting one foot in A, I cutthbe fides of the Angle in 
B and C; then I take the Chord BC, and meaſare it in the Jareral 
Chord,and'I find it to be 2:1 gr. and 1-5 min. and ſuch is the quantity of 
he Angle given, 


Or if the Ark be-defcribed our of the Angular Point at any other 
diſtance, let the Semidiamerer be turned inco- # parallel Chord of 
60 gr. then take the Chord of chis Ark, and carry it Parallel, wil is 
coein like Chozds : fathe place where it Reyetir ſhall give che quan 
tity.of the Angle: 

As inthe former example, if I make the Semidiamerer A B a poral- 
tel Chord of 60 gr.40d then keeping the Seitor av char Angle;carry the 
Chard BC parelle),cill ir ax I like Chosds; Eſhall fad itro ſtay in no 
other but 11 gr. 15 win, and ſuch isthe:Angle BA C. - o 
10. Vpons 
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10. Upon a right Line, and a Point given in it, to make an Angle equat- 
to an) Angle given, Wot 


Irſt out-of the Point given. deſcribe an Ark, cutting- the ſame 
-Line : chen by che 5 Prop, afore,find the Chord of ves 
agreeable to the Semidiamerer,and inſcribe ir intochis Arks (6 2 righe 
Line drawn through the Poiat given, and the end of this Chord, thall' 
be the (ide that makes up the Angle. - 1D She hk 
Let the right Line given be A B, and the Point givenin it be A, and 
letche Angle given-be 11 yr. 15 min. Here I open the Compaſſes to 
any Semidiameter A B, (but as oft as I may conveniently to the late. 
ral Semiradivs ) and ſecting one foot in 4, I deſcribe in occaſt Ark 
BC; chen1 ſeek ourthe Chord of 1x gr. 15 min. and teking it with 
the Compaſles, I ſet one foot in B, te ether crofletty che Ark io 
C, by which 1 draw the Line A C, and ic makes up the Angle re- / 


II. Todivide the C Ircamference of a Circle into any parts required, 


Ik 360, the meaſure of the whole Circumference, be divided by the 
Number of parts required, the Q otient giveth the Chord, which 
beiog found will divide the Circumference. 

Soa Chord of 120 gr. will divide the Circumfererice into three 
equal parts ; 8 Chord ot 90 gy. into four parts z a Chord of 72 gy. into 
five parts; a Chord of 60 gr. into lix parts ; a Chord of 5 1gyr. 26 min, 
into ſeven parts; a Chord of 45 gy, into eight partsz a Chord of 4o gy. 
into nine parts; 8 Chord of 36 gr. into ten parts; a Chord of 32 gr. 
44min, intoeleven porn ; a Chord of 30gr. intotwelye parts, 

Inlike manner if it be rcquired to divide the Circumference of the 
Circle -whoſe Semidiameter is A B, into 32; firſt Irake the Semidia- 
mecer A B, arid make it-a parallel Chord of 6 gr,then becauſe 360 gr. 
being divided 'by 32 the Quotient will be 1 1 gy: 4'5 min, I find the pa- 
ralel Chord of ut igy. 15 min. and this will divide the Circumference 
into 33. 

. But berethe parts being many, ic were better to divide it firſt into 
fewer, and after co come over it again. As firſt to divide the Circum- 
ference into 4, and theneach 4 parrs into 8, or otherwiſe, asthe parts 
May be divided, .. ' '' ; | "F-.4 
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12. To divide aright Lineby extreme and mean proportion. 


He Line to be divided by extreme and mean proportion, hath the 
ſame proportion to his greater Segment, as in Figures inſcribed 
inthe ſame Circle, the fide of an Hex-gon a _ of (ox Angles, hath 
co a fide of a Decagon a figure of ren Angles : but the lide of a Hexar 
on is a Chord of 60 gr- and the fide of a Decagen is a Chord of 36 gr. 
Let A Bbethe Line to be divided : if I make ABa parallel! Chord 
of 60 gr. and to this Semidiameter find A C « Chord of 36 gr.this AC 
ſhall be the greater Segment, dividing the whole Line in C, by extreme 
and mean proportion, So that, 
As A B the whole, isunto AC the greater Segment; ſo A C the 
greater Segment, unto C B the leſſer Segment. 
Or let A C bethe greater Segment given: if I make this a parallel 
Chord of 36 gr. the correſpondent Semidiameter (hall be the whole 
Line A B, and the difference C B the leſſer Segment. 


A C B 


mu 


Or let CBbethe lefler Segment given: if I make this s parallel 
Cherd of 36 gr. the correſpondent Semidiameter ſhall be the greater 
Segment A C, which added to C B, gives the whole Line A B. 

0 avoid doubling of Linesor Numbers, you may pur over the whole 


| Line inthe Sines of 72 gr. and the parallel Sine of 36 gy, ſhall be the 


greater Segment, 

Or if you pur over the whole Line in the Sines of 54 gr.the parallel 
Sine of 30 gr. ſhall be the greater Segment, andthe parallel Sine of 
18 gy. ſhall be the lefler Segment. 


CHAP. III, 
Of the projetiion of the Sphere in Plano. 


Secr. I, 
To Projeft the Sphere in Plano, by freight Lines, 


oa fi Sphere may be projeted in Plano in ſtreight Lines, z in the 
Analemma, if the Semidiamerer of the Circles given be divided 
in ſuch ſore as the Line of Sines on the SeRtor. 

As if che Radius of the Circle given were A E, the Circle thereon 
deſcribed may reprefent the Plane of the general Meridian, which 
divided into four equal paresin E,Þ$, A, $, and croffed ac right Angles 
with E Zand P'S, the Diamerer E A, ſhall repreſent the Equator,and 
P S,the Circle of the bour of 6. ' And it is alſo the Axis of the World, 
wherin P ſtands for the North Pole, and S for the South Pole. Then 


may each quarter of the Meridian be divided into 90 degrees from the 


Equaror towards the Poles. In which we number 23 degrees, 30 win.the 
greateſt declinzion of the Sun from E re S& Northwards, from & to 
w Sourhwards, the Line drawn from & to vp ſhall be the Ecliprick, 
and the Lines drawn parallel to the Equator cttroupgh & and vp ſhall be 
the Tropick, ' 

Having theſe common Setions with the Plane of the Meridian, if 
xe ſhall divide each Semidiamerer of che Ecliprick into go degrees, in 
ſuch ſort as the Sines are divided on the Seftor. The firſt 30 degy. from 
A towards & (hall ſtand for the Sign of Y. The go degy, next follow- 
ing for 5. The reſt of 7 S A, &c. intheir order, So that by theſe 
mears we have tbe place of che $» for all times of che year. 


If again we divide AP, AS, in the like fort, and ſer thereto the 


Numbers 10, 20, 30, &e, unto 90 degrees, the Lines drawn through 
each of cheſe degrees parallel to che Equator ſhall ſhew the declinati- 
en of the Sun, and repreſent the Parallels of Latitude. 

If farther, we divide A E, A &, and esch of his Parallels equally 
in the like ſort, and then carefully draw a Line through each 15 degy. 
ſo 8s it makes no Angles, the Lines ſo drawn ſhall be Eliptical, and 
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repreſent the Hour-circles. The Meridien P ES, the hour of 12 8x 
noon ; that next unto it drawn through 75 degrees from the Center, the 
hours of 11 and 1, that which is drawn ebrough 60 degrees from the 
Center, the hours of 10 and 2, &s. 
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Ta theſe we may add the months of the year, and the days of each - 
month,placing Janu«ry about F, {arch abont E, June about J,Faly about 
K, September about E £, December about the Tropick of vp z and ſo the 
reſt acccording to their Declination from che Equator. 

Thea having reſpect unto the Laticude, we may aumber is from 
| | I 2 E North= 


60 Of the Projettion of the Sphere: 

E Northward uttq Z, and there place the Zenith : by which, and the 
Center, the Line drawn Z AN, ſhall the Vertical Circle, paſſing 
through the Zenith and Nadir, and through the Center at A, inthe 
Points of Eaſt ant Weſt, and the Line M A H croſſing it ar right An- 
gles, (hall repreſent the Horizon. 

Theſe two being divided in the ſame ſort as che Ecliptick and the 
Equator, the Line drawn through each degree of the Semidiameter 
AZ, parallel cothe Horizon, ſhall be the Circles of Alticude, and 
the Divilions in the Horizon and his parallels ſhll give the Az'- 
. muth, | 

Laſtly, If chroygh 18 gr. in A N, be drann a right Line IK parallel 
to the Horizon, ir ſhall | A che time'when the dey breaketh, and the 
end of tie twilighe. Rs | 


Some Hſes of this ProjeRtion. 


2 Example of this ProjeRion, let the place'of the Sun be the 
-L l:|t degree of yy, the Parallel paſſing through chis place is L D, 
and therefore the Meridian Altitude ML, and the depreſſion below 
the Horizon at midnight HD : the Semidiuraal Ark L C, the Semi- 
nournal Ark C D; the Declination A B, the Aſcentions] difference 
B C, che Amplicude of Aſcention A C. The difference between the 
end of twilight and the day break is very ſmall ; for ie ſeems the Pa- 
rallel of the. Sun doth hardly croſs the Line of twilight. | 

' If che Altitude of the Sun be given, let a Line be drawn from it 
Parallel co the Horizon: fo it ſhall croſs the Parallel of the Sun, and 
rhere (hew both t'1e Azimuth and the Hour of che day. As ifthe place 
of the Sun being given as before, the Altitude in the morning were 
found to be 20 degrees, the Line F G drawn Parallel ro the Horizon 
through 20degrees in AZ, would croſs the Parallel of the Sun in ©- 
Wherefore F © ſheweth the Azimuth, and L © the quantity of Hours 
from the Meridian. Ir ſeems ro be abour half 8n hour paſt 6 inthe 
morning, and yet more than half a Point ſhort of the Eaſt. 

The diſtznce of two places may be alſo ſhewed by this ProjeRion, 
their Latieudes being known, and their difterence of Longieude. 

For ſuppoſe a place in the Eaſt of 4rabia, having 20 degrees of 
North Latitude, whoſe difference of Longitude from Londos, 15 found 
by an Eclipſe to be 5 Hours; F. Let Z be the Zenith of London, the 
' Paralizl of Eaticude for cbst other place muſt be L D, in which che 

| & ] ' difference 


$5 
£ 


* aultiplied by 20,ſhewerh che diſtance 


I 


difference of Longitudeis LO. Wherefore © 
of thatplice, I drawehrough © a Parallel coxhe Horizon M:H;cro(- 
ſing the Vertical A Z near aboue Jo degrees from the Zenith, which 

ot London, and that place to'be 
1400 Leagues, Or multiplied by 60, to be 4200 miles; 


SscT. II. 
To projeft the Sphere in Plano, by Ciremlar Lines, 


aol ſh Sphere may be projeRted in Plaxo by Circular Lines, as in 
the general Afſtrolabe of Gemma Friſine, by the belp ofthe Tan- 
gent onthe lide of the Sertor. 

For let the Circle given repreſent the Plane ofthe general Meridian 
as before; ler it be divided into four parts, and crofled atright Angles 
with E & che Equator, and PS the Circle of the Heur of 6, wherein 
P ſtands for the North Pole, and S for the South Pole : Let each quar- 
ter of the Meridian be divided into go 4egrees, and ſo the whole into- 


. 360, beginning from P,and ſetting co the Numbers of 10,20,;0,&c. 


goar&, 180 atS, 270 ar E, 360 atP. The Semidiameters A ÞP, A &, 
AS, A'E, may be divided according to the Tangenes of half their 
Arks;-that isa Tangent of 45 degrees, which is always 10000, equal 
rothe Radius, ſhall give the Semidiameter of go degrees, a Tangent of 


4odegrets $3910, ſhall give $0 degrees im the Semidiamerer: a Tangend 


of 35 degrees 7002 t ſhall give 70, &c; Sothat the Semidiameters may 
be divided in ſuch ſort as the Tangent onthe (ide of the Sefor,the dit- 
ference being only in their denomination. 

Having divided the Circumference and the Semidiameters, we may 
ealily” draw the Meridjans and the Parallels by the help of the 
Seftors | 

The Meridians are to be drawn through both the Poles P and S, 
and the degrees before graduated in the Equator, The diſtance of 
the Center of each Meridian from A,the Center of the Plane, is equab 
tothe Tangent of the fame Meridian, reckoned from the general Me- 
ridianP AS E, andthe Semidiameter equal cothe Secant ofthe ſame 
depret, . | | | | 
yY for example, If I ſhould draw tbe Meridian Þ BS, which is 
checench fromP £S, the Tangent of ro gy. 17623, giveth me A C, 


and the Secant of xo gy, 102 543, giveth me SC, wherefore C is the- | 


Cenier 
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/ 


6 Of the Projeftion of the Sphere: 
Center of the Meridian, Þ BS, ond C $ his Semidiametert fo AF a 
Tangebtbf:20 gr. 36397 ſhewerh F-/30 be the Center of PDS, the 
twentieth Meridian from P £S, nd A G a Tangent of a 3 gr. 30 
$3491, ſhewert Gro bethe Center of P SS, &sc. 
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The ?arallels are to be drawn through the degrees, in A P, AS, and 
their correſpandent degrees inthe general Meridian. The diſtanceof 
the Center of each Parallel from A the Center of the Plane , is equal 
eo the Secant of the ſame Parallel rom the Pole,agd che Semidiamerer 


equal 


Of the Prijetfinof he Sphere; &y 
equal to the Tangent” of the Tame 'degree. As if T hovld draw the 
Parzlel of $0 degrees, which is the tenth from the Pole $, firft I op6n 
the Compaſſes unto A C tbe argon of 10 degrers 176 33, and this gi- 
verh me the Semidiameter of this Parallel, whoſe Center is a little 
from $, in ſach diſtance as 101543 the Secants S C is longerthen 
100co, the RadiusS A, "Fs 

The Meridians and Parallels being drawn, if we number the 23 degy, 
20 min. from Eto g Northwards, from A& to w Southward, the Line 
drawn from & to vp ſhall be the Ecliptick : which being divided in 
ſuch ſore as the Semidiamerer A P, the firſt 30 degrees from A to & ſhall 
ſtand for the Sineof Y*; the 30 dtgr, next following for v& ; the reſt 
for TU, S Az &<. in their order, 

It farther we have .reſpeR unto the Latitude, we may number it 
ſrom E Northward unto Z, and there plece the Zenith, by which and 
the Center , the Line drawn Z A N, ſhall repreſent the yerticle Cir- 
cle, and the Line M AH, croſſing it at right Angles, ſhall repreſene 
the Horizon, and thefe divided in the fame fort #3 A P, the Circles 
drawn through each degree of the Semidiameter A Z,Paraldel io che Ho- 
rizon,ſhall be the Circles of Altitude : and che Circles draws chrough 
the Horkon and his Poles, ſhall givethe Az\muchs, —- | 


Some Uſes of this Projeftion: 


Or Example of this Projettion, letthe place of the Sun be inthe 
Þ bevioning of zz, the Parallel paſſing a ; this place is & OL, 
and therefore the Meridian Altitude M L, the depreflion below 
the Horizon at Midnight H O, che Semidiurnal Ark L ©, the Semi- . 
noRurnal Ark O ©, the Declination A R, the Aſcenſional difference 
R ©, rhe Amplicude of the Aſcenſion A ©, 
Or if A be co reprefemt the Pole of the World, then ſhell 
P ASE fan the ator, and P SS vp for the Ecliptick, end 
the reft which before for Meridian, may now ſerve-for particu- 
lar Horizons, according to their feveral Elevations. Then fuppoſerbe 
lace of che Sun giyen tobe 24 degrees of 1&5, his Longicude (halt be 
I, his righr Aſcenſion P'H, his netion HI, Andif the plave 
given be 19 es of A, his Long'rude ſhell be Þ K, his righe Afcen- 
lion PN, his Declinatien N-K. Agzin, the Declination Fm wo 
the Horizon of the place, (hall chere (hewthe Aſcenſion! yce; 
Amplitude of Aſcenſion,and the like concluſions of the Globe. But I 
intend 


-” Þ y I GE - <iv_a_ 
Ph Of the Projection of the Sphere 
-infend not here to ſhew the [Liſe of the Aftrolabe, butthe Uſe ofthe 
Sefdor inProjeftion. <\ toy 4 
And after this mancer may a alien be projefted to thew the 
et doyn a Type for the uſe of 


Hour of the Night, whereof I will 


It conſiſts, as you ſee, -of two parts, the one is a Plane divided 
equally according to the 24 hours of the day, and each hour into guar- 
rers or minutes, -as the Plane will bear : the-Line from the Center to 

- XP], Rtands for the Meridian, ang, XLI ſtands for the hour of 12 ac 
midnight. The qther part is a rundle for ſuch ſtars as are near the 
-Norch-pole, rogetber with the twelve months, andthe days of exch 
-month tiered co the right Aſcenſion of the ſtars« Thole that bave oc 

lion to ſee the South-pole, may do the like for rhe Southern Conftel- 
lations, and put them ina Ruadle onthe back of this Plane, and ſo ir 
may ſerve for all che World. _ SJ iialil 4} 116.8) " 1043 iſs 
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' Of the PrijetMan if the Sphere: 08 YN 
The Uſe of this Nellurnal, = | 


The Uſe of chis NoQurnal is eaſe and ready, For look up-to the 
Pole, and ſee what Stars are near the Meridien : then place the Run» 
die tothe like (ſituation, ſothe day of the monch will ſhew the hour ct 


che Nighbe. | 
Sa cr. II. | 
Another way to Proje& the Sphere by Circular Lines. 


af þ He Sphere may be projefted in Plans, by circular Lines, as in 
the particular Aſtrolabe of Feb» Stophlerin, by help of the Tan- 
gent, as before. | 

For let the Circle given repreſent the Tropick of vp, let it be divi- 
ded into four parts, and croſſed art right Angles with A C tbe Equi- 
noRial Colure, and MB the Solſtirial Colure, and general Meridian, 
the Center P repreſenting the Pole of the World. Let each quarter be 
divided into 90 deprees, and ſo the whole into 360, beginning from 
A towards B. The Meridian? M or Þ B, may be divided according to 
the Tangent of half his Ark. Soas the Ark from the North Pole to 
the Trepick y being 90 degrees, and 23 degrees 3o win. that is 113 de- 
grees 30 min. and the halt Ark 56 degrees 45 win. the Meridian ſhall 
be divided into 90 degrees and 23 degrees 30 win. in ſuch fort as the 
Tangent of 56 _ 45 min. on the (ide of the Seer is divided 
into degrees and balf degrees, of which P & the Ark of the Equator 
90 degrees from the Pole, ſhall be given by the Tangent of 4 5 degreer, 
AndP Sthe Ark of the Summer Tropick 66 degrees 30 win. from the 
Pole, ſhall be given by the Tangent of 33 degrees 15 min. And the 
Circles drawn upon the Center Þ through A im, S,ſhall be the Equa- 
tor, and the Summer Tropick. 

Having the Equator and both the Tropicks,the Ecliptick Y S « w 
ſhall be drawn from the one Tropick to the other, through the inter- 
ſetionof the Equator and the EquinoQial Colure. And it may be di- 
vided firſt into twelve Signs after this manner: PE the Ark of the 
Pole of the Ecliptick 23 degrees 30 win. from the Pole of the World, 
ſhall be given by the Tangent of 11 degrees 45| win. The Center of 
the Circle of Longitude paſſing through chis Pole BY. and 2, (hall 

K be 


6 66 Of the Projettion of the Sphere. 
be fonnd at D ( ſomewhat below B) by the Tangent of 66 degrees 
30 win. Then thraugh D draw _an occukt Line parallel to AC, and 
divide it on each (ide from D, in ſuch ſort as che Tangent is divided 
.onthe ſide of the Sefor, allowing 45 degrees tH-be equall coD E, 
ſo the thirtieth degree from D coward the right hand, ſhall be the 
Center of the Circle of Longitude paſſing through E & and MR. The 
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ſixtieth degyerz the Center of IT B 2. The thirtieth gy. from D cowards 
the left hand,the Center of X% E 'T. The (ixtiech,the Center of ®.E A, 
And tbe other intermediate degrees ſhall be che Centers to divide eact 
lign into 30 gre. | Ie 
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| Of the Projetitett of the Sphere; & 

If farther we have reſpeRt unto the Latieude, we may (the Meridi- 
an being before divided) number i& from Þ Northward unto H, and 
there place the North InterſeQion of the Meridian and Horizcn : 
then the Complement of che Latitude being numbred from Þ South- 
ward unto Z, ſhall there givethe Zenith z and go degy. from Z Souch- 
ward unto F, ſhalt chere give the South interfection of the Meridian 
and Horizon. The middle berween F and H ſhall be G che Center of 
the Horizon Y H = F, paſting throvgh the beginning of Y and ®, aun- 
leſs there be ſome former errrour, | 

Al Parallels ro the Horizon may be found in like fort by their In- 
terſetions with the Meridian, end- the middle between thoſe Inter- 
ſeions is always the Center, 

The Azimuths may be drawn 8s the Circles of Longitude were be» 
fore. For the Circle of the firſt Verticle Y Z =, will befound at I 
( fornewhac near unto BY by the Tangent of the Latitude, And if 
through I we draw an Occult Line parallel rg A C, and divide it on 
each (ide from I, in ſuch ſort as the Tangent is divided on the fideof 
the Sefor, allowing 45 degrees to be equal co IZ, theſe Diviſions 
ſhall be the Centers, and che diſtance from theſe Diviſions unto Z, 
ſhall be rhe Semidiamerers whereon to deſcribe the reſt of the 
Azimuths. 


Some Uſes of this Projeftion. 


Fe example of this ProjeRtion, let © the place of the Sun given 
be 10 degy, of & : arighe Line drawn from P ehrough this place 
unto the Equator, ſhall there ſhew his right Aſcenſion Y' K, and his 
Declination K ©. Then may we onthe Center Þ and Semidiameter 
® Pdraw an occule Parallel of Declination, croſſing the Horizon in 
L,M. the Meridian in G and N. Sothe right Lines P Land P M pro- 
duced, ſhall ſhew the time of the Suns riſing and ſetting, Y' Q the 
difference of Aſcenfion, R the difference of Deſcenſion, YL the . 
Amplitude of riſing, and ® M the Amplitude of his ſetting, L NM 
ſheweth the lengreh of the nighr,.Z G ſheweth his diſtence from the 
Zenith at noon, H N his depreſſion below the Horizon at midnight, 
And then having the Altitude of the Sun at any time of the day, the In- 
terſe&tion of the parallel of Alticude with the parallel of Declination, 
ſheweth che Azimuth, and aright Line drawn from P chirough this In- 
terſeion, giveth the hour of the day. © | 

H 2 SECT, 
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el third way to Projeft the Sphere is Plano, by (irculer Lines. 


4- T He Sphere may be Projeted in Plans by Circular Lines, after- 
che manner of the old concave Hemiſphere, by the belp of che 
Tangent on the (ide of che Seffor. 

For ler the Circle given repreſent the Plane of che Horizon, let it 
be divided into. four parts, and croſſed at right Angles with S$ N.che 
Meridian, and E V che Verticle; ſo as S$ may ſtand for the South, N 
for the North, E for the Eaſt, W che Welt part of the Horizon, and. 
the Center Z repreſent alſo the Zenith, Ler each quarter of the Ho- 
rizon be divided into 90 degrees, and ſo the whole into 360 degrees, 
beginning fram N, and ſetting to the numbers of 10,26,30,0c, go at 
E, i18oatS, 27a at W,360atN, 

The Semidiamerers Z N, ZS, may be divided according- to the Tan- 
gent of half cheir Arks: ſoas the Ark from the Zegith roche Horizon 
being 90 gr.and the half Ark 45 gr. the Semidiamerers areto be divi- 
deed in ſuch ſort as the Tengget of 45 gr. as was ſhewed before inthe 
ſecond Projetion. And it from Z we draw Circles through each of 
theſe Divilions, they ſhall be Parallels of Altieude. 

Then having reſpe& unto the Akitude, we may ( the Meridian be- 
ing before divided) number ic from Z co &, and there place the In- 
terſeftion-of the Meridian and Equator. The Complement of che Las 
rieude from Z unto P, ſhall chere give the Pole of the World, and 90 
further from P, (hall chere give the other inzerſetion of the Meridian 

and Equaror. | 

The middle between theſe interſeRions ſhall be A the Center of che 
Equator, paſſing throvgh E and W, unleſs chere be ſome former er-: 
rour. The interſeions of the Tropicks depend on che Equator. From 
MK 23 degrees 30 min. farther ſhall be W the incerſetion of the Meri- 
dian, and che Southern Tropick. Erom A213. degrees 30 min. nearer 
ſhail be S, the Interſeftion of- che Meridian and the Northern 
Tropick., The InterſeQions of the other intermediate Parallels, 

ſhl{ be given in] ke ſort, by.their degrees of diftance from the Equa- 

tor,and che middle berweenthaſe Interſefions is 8lways the Center. 
The Hour Circles may be here drawn as the Azimurhs in the third 

ProjeRion. For the Cerer of E Þ W, the hourof 6, will be foung 
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Of whe Projection of the Sphere: = 6 
a B, ( ſomewhat near unto N ) by the Tangent of the Latitnde, And 


if rag B we draw an occult Line parallel unto E W, vnd divide 
ieoneach (ide fromB, in ſuch ſort as the Tangent is divided on the 


ſide of the Sefor, allowing 45 degrees to beequalto BP, and 1y de- 
grees, for every hour, thoſe Divilions ſhall be the Centers, 80d the di- 
itance from the Diviſions unto Þ, ſhall be the Semidiameters, whereon 


ro.deſcribe thereſt of the hour Circles, 


"70 of vhi Proje Ftiow of the Sphere, - | 

The Ecliptick may be drawn as the Equator. For the Center of 
that half which hach Southern Declination, ſhall be given by the Ten. 
oent ofche Altitude; which the Sun bath in his entrance into WP, And 
the Center. of: che other half by rhe! Tangent of his- Alticnde, ar 
his entrance into 'S, and it may be divided, as inthe fortier ProjeRti- 
on, orelſe by Tables calculated to char purpoſe. (23 7 067 

To theſe Circles thus drawn, if we ſhall add the months of the year, 
and the days of each month, as we may well do, at che Horizon, on 
either (ide, berween the Tropicky # this ProjeRion ſhall be fred for 
the moſt uſeful Conclulions of che Globe, as by examples following 
may appear. LEV at 


Some Uſes of this Projeftion. 


Or the day of the month being given,the Parallel that ſhooteth on 
ir, doth ſhew what declination the Sun bath at that time of the year. 
And where this Parallel croffeth the Ecliptick, there is the place of 
the Sun. Or theplace of the Sun bcing firſt given, the Parallel which 
crofleth it, ſhall at the Horizon ſhew the day of the month. Either 
of theſe then being given; or only the parallel of Declination, we may 
follow it, firſt untothe Horizon, there the diftance of the end of the 
parallel from E or W, ſheweth the Amplitude; the ſame among the 
hour-circles ſheweth che time when the Sun riſech or ſetteth. Then 
having the Alticude of the Sunat any time of the day, the InterſeRtion 
of the Parallel of Declination with che Parallel of Altitude ſheweth 
the hour of the day; and a right Line drawn from Z, through this 
Incerſetionto the Horizon, giveth etie Azimuth. 
- Thus in either of theſe Projeions, that which is otherwiſe moſt 
troubleſome, is eaſily done by the help of the Tangent Linezand whac 
I have:ſaid of this Line, the ſame may be wrought by Scale and Num- 
bers out of the Table of Tangents. 


FE Note, that if wnto any of theſe three laſt ProjeRions, there be added an 
Index equal tothe Semidiameter of the Circle, to move upon the Center 
of the Projeftion, and the fiducial edgethereof divide according to 
the T angents df half Arks, the Semidiameter: need not be divided, and 
the Inſtrument: will then be fitly accommodated to perform many Con- 
clufions of the Sphere, "EA 


FI" By 


TT . £ 
TOI 7 


By the former ways of Projefting of the Sphere, the whole Are 

- of Dialling may be perfarmed upon any of chem, but eſpecially upon 

this laſt, which may be fitted cothe Horizon of any place, the manner 
whereof ia this place I ſhill briefly deliver. 


I. For an Horizontal Dial. 


If freight Lines be drawn from the Center of the ProjeRtion 
through the interſetions of the hour Circles with the ourermol(t Cir- 
os cle or Horizon, thoſe Lines ſo drawn ſhall be the true hour Lines of 
3 ' an Horizontal Dial in cbat Latitude for which the Projeftion was 
made, for the hour Circles cut the Horizon at thoſe degrees of 
diſtance. 


{a5 


2. For an Evelt direft North & South Dial. 


If an Index be divided as the Semidiameter of the Projeftion ZW 
is, on both lides, and laid upon the ſame Diameter W E', the hour 
Lines of the ProjeRion will cutthe ſame Index in ſuch degrees from 
the Meridian on either (ide, ss the hour Lines 6n ſuch a North or South 
Dial ought to have upon the Plane: As, | 


deg. min.” 
in I'% 9 283 
The bour J*'? ._ , ?Cdocutthe J'? 54 Fromthe- 
l 9 and 3 31 54 ag 
Lines of Y 6 zC lndexar ke Meridian, 
7 5 66 42 


And theſe arethe true hour diſtances for a North or' South Plane- 
in this Latitude of 51 degrees 30 min. tor which this Projetion was- 


made. | 
3, For a Vertical Des!ining Dial: 


Suppoſe an upright Plane eq decline from- the South Weftward 24. 
. 20 win. Such 4 Plane is deſcribed in the third Book of this 
Treatiſe Chap.7; If you Ty your Index, to 24 der. 20 win.connted 
from E towards S, and there keep it fixed, rhe hour Lines; of the 


ProjeRion 
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Proje@ion will cut the Index in theſe degrees from the Meridian, on 
either ſide thereof, at which they are to be drawn upon the Dial 
Plane. L ' 


4+ For direct Incliners. 


Let the Inclining Plane be projeRed npon the Scheme, a Ruler laid 
to the Pole of che inclining Plane, and to the ſeveral Points where 
the hours croſs the Plane, the Ruler wi'l cut the outermoſt Circle in 
the degrees that the hour Lines ought to have upon ſuch an inclining 
Plane. 

Thus let the Circle W & EF, which is the EquinoRisl Circle, re- 
preſent a Plane inclining to the Horizon, a Rulerlaid to the Pole of 
the World ( which is the Pole of the EquinoQial Circle ) and theſe- 
veral interſe&ions of the bour Circles witch this Circle, ſhall cuc the 
outermoſt Circle in every fifteenth degree, and ſach diſtance ought 
each hour have from other upoa the Plane. 


5. For Declining inclining Plants. 


Ler a Plane decline from the South Weſtward 24 degrees 20 min. 
and incline tothe Horizon Northward 36 degrees, ſuch a Plane is re- 
peſented in the Diagram of the ſeventh Chapter of the third Book of 
this Treatiſe, by the Circle BMD. Now a Ruler laid upoathe Pole 
of chis Plane, { which isinthe Line Q H, go degrees diſtant from M ) 
and the incerſeRions of the hour Circles with the Plane, ſhall cur the 
primitive or horizontal Circle inthe degrees of diſtance that the re- 
ſpeRive hourLines of ſuch « declining inclining Plane ought co have 
vpon the Dial Plane. FJ 


Of ProjeFing of the Sphere upon Oblique Circles. 


N the four firſt S:Rtions of this Chapter, Mr Gunter hath ſhewed 
how to Projett the Sphere in Plans upon the principal Great Circles 
of the Sphere, viz. Twice.upon the Place of the Meridiao,. once upon 
the Tropick'of *w,-or the EquiooRial, ( parallel thereco.) and laſtly 

vpoithe Horizon, * | bt. be fo 
Wi 


of the Projettion of the Sphere; 73 
Totheſe Proje&ions I chink it will not be impertinent Cbut very 
beneficial and ſatisfatory to the Reader) ro ſhew how che Sphere may 
be Projetted in Plano upon any Oblique Circle, as upon any Plane 
whatſoever and howſoever lituate, for all or moſt Dial! Planes are Ob- 
lique Circles, and are Horizons in ſome part of che World or other, 
As for Example, A Dial Plane declining from the Sourh Weſtward : 
24 degrees 20 win. and inclining Northward 36 degrees ( ſach is the 
'Diall Plane in the tenth Chapter of che third Book of this Treatife of 
Dialling) will in ſome place or other be an Horizontal Plane: And by 
projeQing of the Circles of the Sphere in their crue politions upon 
- this Oblique Plane, you ſhall noe only diſcover in what Longitude. 
and Latitude this will be an Horizon, but will alſo delineare out 'unto 
you the, places of the Hour-lines proper for this declining inclining 
Plane, in a quite different manner and form than chat which Mr Gun- 
ter harh (hewed how to make the Diall in che forementioned centh 
Chapter of the third Book, by drawing the Plane uponthe Horizoncal 
ProjeRion for this Latitude, And ſeeing the difference of che two 
ways of working are fo various, andthe variety that will appear inthe 
placing of the Circles of the Sphere in their true poſitions. upon ſuch 
-an Oblique Plane cannox bur be both beneficial and delightful, I ſhall 
here inſert che manner how tbe (ame may be eftefted, not only upon 
ehis, but upon any other nga Plane whatſoever, 

To proceed then, Letthe Circle HX O D, repreſene a Dial Plane 
declining from the South Weſtward 24 degrees 20 min, and inclining 
Northward 36 7, | 

I, Draw the Diameter H O, and croſs it at right Angles with the 
Line CF meeting in the Center Q. _ 

2. Tske the half Tangent of 36 degrees, the Planes inclination, and 
ſet it from Q to Z,ſoſhall Z be the Zenith of che Place. 

3. Take the balf Tangent of 54 degrees, the Complement of the 
Planes inclination, and ſet chat from Q to B, fo ſhall B be the Poine 
through which the Horizon of the place muſt paſs. 
| 4+ Takethe Tangent of 36 degrees the Plains Inclination, and ſet it 
from Q to C. Or txke the Secant of 36 degrees, and ſer it from 
Bto C, ſo ſhall C be the Center of the Horizon H BO. 

5. Take the Tangent of 54 degrees, the Complement of the Incli- 
nation, and ſet it from Qto F, £7 

6.. Take 24 degrees 20 min. out of your Line of Chords and ſet that 
diſtance from H co c, from D to d,and from 0 to E. 
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' »*, ARulerlaidſromZ toc, d, and c, will Lay eie Points W, Sand 
E, for the Weſt Souch.and Eqſt Points thereof, 

8. Draw FG perpendicnler to QF, or perallelto H O,and extend 
it 65 far 85 you ſhall fee requilice, 40 

9. Draw a Line chrongh che Points E and W enxtendiag it cill it 
croſs the Line F G latt drawn, at G, fo ſhall G be the Center of the 
Meridian of the place repreſented by PZS. 

10. Lay a Ruler from W co Z and it will cut the Circle in 4, from 
which Point 4 ſet 58 degrees 30 win. the Co-latitude to b, and a Ruler 
laid from W co þ will give the Point P in the Merid an for the Pole of 

II. Set go degrees of your Chords from bto f, and from frog, A 
Ruler laid from W tof gives & inthe Meridian Circle, for the 'Eq 
noRtial Point, and from W to g gives M for che South Pole, and « righe 
Line drawn P Q and M (hall be the Axis of the World. _ 

12, Through the Points W & E draw the EquinoQial Circle,'to 
nd the Center whereof, 

13. Divide W E iato ewo equal parts in R, and raiſe the Perpendt- 
cular R T, drawing is forth till is meer with Q P being extended, here 
zepreſented by the wwo Lines RT and QV, COINS be 
ebe Center of the Equinotial, which QT extended would be equal 
ro the Secant of the height of the Pole above the Plane; ' Or if from * 

/F you draw a Line through C it will imterſe QYV in the Center of 
the EquinoRial alſo. 

14. Divide MP in twoequall parts in D, and draw D G aright 
Angles co P.M, and extend DG infiainely, | 

15. Upon P, atthe diſtance P D{or any-other ) deſcribe the Semi- 
circle. L D'N, and laying a Rater from P to G the Center of the Me- 
ridian, it will curthe SemicircleL DN in L, at which Poim L begin 
20. divide LDN iato ewelve equal parts, end « Ruler leid fromP 
through each of thoſe equal pazts Hall give the of 15, 30, 
45, &c. upon the Tangent G'D and ſhall be the Ceneers of the ſe- 
veral dlecidians, G beingthe Center of twelve « clock, or the Meri- 
dian of the Place. | 

15. From the Center Qthrough the Points where the feveret Mcri- 
dians do-cur the Primitive Circle draw right Lines, and thofe Eines 
thall be the true __ Lincs of a South | declining Weſtward 
24 drgrtes 20 min. and inclining Northyward 76 degrees in the Lacitude 
of 57 dures gol oO tn And 


H X OD, the delining indining 
Plain, | | 


QZ = 4 Tang, 6 d. = Plains 


inclination. 

QB = 4 Tang.'54 d, = Co* 
Plains inclinatiot. :/ _ 

QC =Tang. 36dOr BC == Se- 
cant.of 36 d.== Pains inclin.and 
is the Center of ne Horizon, 

QF = Tan.54d.=Co-Plainsjnc, 

Hc=Dd=Ocm224d,.20 m.= 
to the Plains Decluation, 

A Ruler laid from Zto c, d, e, will 
give W, S and EincheHorbon : 

GF—-to QF or [|to HO. 

E W extended, givesG the Center 
of the Meridian. }. 

A Ruler laid from Weo Z gives a. 

ab==Chord 38 4.30 n, =Co-Lat. 

Wh gives Þ for the Poli of theſworld 

bf fg = Chord 99 deg. 

A Ruler laid from Wrot gives A 
the Equino&, W g gives M the 
South Pole, and PQM 3s the 
Axis of the World. 

Through W & E;, dray the Equi- 
noGal Circle, 


——__— 


4 brief Smopſis of this ObliquiProjeion, 


WR=RE=4 Tang, W E. 

RT — to WV E. Or, draw RT 
through ck Center of the Hori- 
zon, and its interſeftion with 
QV wilhe the Center of the 
EquinoAt. 
V and R ] extended, and inter- 
ecting, gies the Center of the 

uinoRiz => Sec. of the Poles 

heighr aboe the Plain. 

Divide MP n 2 =bparts in D and 

, draw DD Ginfinitely. 

Upon P,at ary diſtance,deſcribe che 
Semicircle LD N, 'lay a Ruler 


from Þ ra G, it will cut LDN 
in L, at L'begin to divide LD N 
into 122 A Ruler laid 


from PÞ tothdſe== parts, will give 
the Tangenes of 15, 30, 45,&c. 
upon G Dand be the Centers of 
the Meridians, G being the Cen- 
cer of 12.| 

Lines drawn\ from Q through the 
interſeRions of the Meridians 
with the Primitive Circle ( re- 
preſenringthe declining inclining 
Plain ) (hall be the Hour-Lines, 


tt. 


Place this Synopſis againſt Page 74 of the SeRor, ſorhar it, rogecher wich 
che Schemezmay lic our when the Book s ſhuc. 


| 


Iu. 


; 375 
South Inclin Nor 36 ao 


Declm Weſt 20 
Latitnds | > 4 30 


$ 


Of the Projettion of the aphere; 


And from ible Scheme may furthdr be foiind thats | 

3 min 
' , The Elevation of og Meridi j bi 
-, Ne Aaron evidiane 6 IF 3 4 a 
* Th height of No PAi 'Q I 26 


7 
4 


4. The diſtance of the Subftile and Meridian A X is 


Note, In like tvanxer be inſerted in _m_ hg tb Ti 
and othir Pardhels of the Sant 
moths, flmiceathi's, the Ec or on ( iy 
great) Ciddlery as # inflanced Ye tg Fd 
Cantir, whith i therron wg” but of this Oblique Projefiien 
J Fave ſail tnonghin this place, GFA 


o 


CHAP. IV. 
Of the Reſolution of right-lined Triangles. 


IN all Triangles there be- | Ang. Gr. M. $.” Line Parts. 
ing (ix parts, viz. three 


Angles, and three ſides, any |E ' $9. © © | 4C 75 
three of them being given, | G go © © | AF 100 
che reſt may be found by the | 4 16 15 36 | FG. 28 
Seffor. | D 36. 

As may appear by the |B 36 
Prop. following, wherein |B 143 


for our pratiſe we may [AFG 73 
uſe theſe Triangles CEA, |ACE 7? 
CEB, CED, all which |4CB 20 
are ReQangled in E. And BC E 53 
AGF ReRtangled inG, All [ECD $3 
the reſt conliſt of Oblique [BCP 106 
Angles. ACP 126 


ty a Reflangled Triangle. 
t. To find the Baſe, both ſides being given. 


Y 


4 B DW OE 


Ler the Seobe opened in the Line of Zines to a right Angle (45: 
Vefore was ſhewed Cp.2. Prop.7. ) then take out the ſlides of the Tri- 
angle, and lay them, one on one Line, the other on the other Line, ſo as 
ey meet inthe Center,, and mark hoy far they extend, For the Line- 
taken. 


Of the Reſolution of nightslinel Triangle, of | 
taken from the terms of cheir exrenkioo, ſhall be the Baſe required, |: 
viz, the (ide oppolite toche righe Angle. 

Or add the ſquares of the two lides ( asin Prop. 4- ; 
Superfic. ).and che (ide of the compound Square ſhall .* Note. that 7 call 
be the * Baſe. = vngeſt fide of 

As if the Lines AE, C E, ſhould beche (ides about - w3 Tenge _ 
the right Angle, and it were required to find the Baſe * | 
ſubrendingehe-righe Angle. - 

Firſt, ſer che Line of Lines to a right Angle by applying the whole 
Line of 10 from 6 in the 9ng.Lineto 8 in the-other, Then ifthe grea- 
ter of the two Lines given be leſs than the Line of Lines, .I take the 
greater of them AE, and transfer it with the Compaſles ineg one of 
the Lines of Lines,and find, that, in my Sefor ( which is 14 Inches long, 
and ſo, the Line of Lines, almoſt 7 Inches) it reacheth from the Center 
to 518... | | 

Again, I take the lefler Line C E,and transfer it into the other Line 
of Lines, and find, that itreacheth from the Center. unto1 54, where- 
fore I cakeche diſtance from 151 unto 518, and ſuch is the length of 
the Baſe A Crequired, 

If either of the Lines given be too large for the Sefor, then I may 
meaſure them by Feet or \Inches, as ſuppoſe I find the length of A E 
tO be about 720, and of CE 210, Then in the Lineof Lines ( being 
ſer, one Perpendicu/ar co the other, as before ). Fextend the Compaſles 
from 210 unto 720;and meaſuring this extent inthe Line of Lizes,find 
ico be 750 parts, wherefore I prick down 750 parts inthe Line A C, 
from the ſame Scale by which I meaſured AE, and CE. So, this Line 
A C ſhall be che Baſe required - 

In working by the Line of Swperficler, 1 need 'no opening of the 
Seftor. Fer, taking the Line CE with my Compaſſes, and meaſuring 
it inthe Line of Swperficies upon my Selfor, I find ir near 13-parts, 

Then taking the Line A E, I find it co be about 269. Theſe two be- 
ing added together make 292 3. and this extent is che length of the 
Baſe AC required. 


2, To find the Baſ e, by baving the Ang les, Mey oe of the "VE 


Take the (ide given, and turn it into the parallel Sine of his oppoſite: 
Angle; ſothe parallel Redius ſhall be the Baſe. ; 
if the Line A E were the fide of a ReQtungle Triangle: 
Oppolite: 


Of gheReſolurimn "if vightdined Triangles 
|  - van 73 gr- 45, and it were required to find the 


s 

Firſt, I take the ſide A E with my Compaſſes, and et it over in the 
Sines of 7 3:pr. 45 . So, the Parallel Radius taken from between ge and 
-99, will givethe Bafe A Crequired. 

Tf the lide given beſuch as cannot well be fitted over in the Sings of 
his oppoſite Angle, I'may mezfure it by feet or inches, and ſuppoſs.I 
. find thelength of AEto be 720, then would 1 take 720 parts our of 

theLine of Lines,and make it « Parallel Sineof 73 gr. 45. So, the Pa- 
rallel Radivs takenfrom berweer- go and go, and meaſured inthe Line 
of Zines wilt be found to be about 750 parts: Wherefore, I prick 
down 750 inthe Line AC, by the ſame Scale, whereby I meaſured 
AE: andthis Line A C ſhall be the Beſe required. 


3. Tofpnd « fide by having the Baſe and the other ſide given, 


Let the Setor be opened in the Lines of Lins to a right Angle, and 
the (ide given laid ot one of thaſe Lines from the Cemer —_ tzke 
che Baſe with a pair of Compaſſes, and ſetting one foot inthe term of 
the given fide, curnthe other tothe other Line of ehe Seftor, and it 
ſhall there ſkew the ſide required. | 

Or take the —_— the ſide out of the Squere of the haſe ( #5 in 
Prop Spa nfl and the fide of we remaining Square hall be the 

e required. ' 

Phu having AC for the Baſe, and CE, for theſide of s ReAungle 
Trievgle:, the other fide wilibe found tobe A E, | 

Or, if A C, being meaſured, be7 50, #nd CE, 2r0, the other fide - 
AE willbe foundtobe930,  .'-. . 


Tofunt « fe beving the Baſt and the Angie given 


Take the Baſe given, and make it aPurellet Redive, ſoche parallel 
Sines of the Angles, ſhall be the oppoſite (ides required; 

Thus in the ReRangle AE C, it A.C be mgde a Parallel Radins,the 
ParaHet- Sine of 73 gr: 45; will-give'the ffe AE; any the Parallel 
Sine of 16 gr. 1 5. will givethe other ſide C E, 


+ [7s 


Wea, "IE 


_ Thebird eivalmeys knoun by che 


g. To find 4 fide by having the other fe and the Angles given, | 


Takethe (ide given, and curnjt into his Parallel Sine of bis oppolite 
Angle; ſothe Parallel Sine of the Complement ſhall be the lidere- 
quired, 
Thus in the Retangle D EC, if CE be mage a Parallel Sine of 
. 8>». the parallel Sine of 36 gr. 52 mw. — py Feyo mi racy and 


hePs araHel Sing of go gr. cities the Baſe:C D. 
6. Te ful the Angier by hvieg the Buſe and ix of the Ales given, 


Firſt, take out the Baſe given, and laying it on both ſides of the 
Sector, ſo as they max; meer inthe Center, and merk -how far it ex- 
tendeth. Then Uke out the lateral Radius, and to ix ppgythe Seftoe 
in terms of the Baſe, This done, take out the (ide given, and place 

it alſo on the ſame Lines of the SeRor fromthe Comer. [| For the Pg- 
rallel taken in the terns of 8hig fide, ſhall be che Sine of his oppoſite 


A | | 
_ the baſe gifen,ond make it a Paralſeb Radius; then take the 
fide given, and car nina tothe =_ eill it ſtay i in like Sines : : ſo. 


they ſhall give the of the oppo men 
Thus in che R BC,herbgthe AC,undtheſide AE, 


7. Tofind the Ang by beviegborh the PI given, 


Take out the on fide,and ley iron both ſides of the Seer, ſo 
as they meet in the Center, and-maerk how far itextenderh, Thea take 
the other lide, —_—— the SeRor in the terms of the greater 
fide ; fo.the Paratlel Redius ſhalt = far Angle. 


lie Cs. and'E D, you 
ph F299, eodthereforethe 


eDEC, 
ECD tobe 
534. 8. 


Tiago Gp Ret 
may find the lefſer 
otee Angle EDCto 


8, The Eat bong gfe, 1 fd the Tangint ant Slot of ny 


9: The: 


$5 DF the Reſolution if right» lined Triangles; 


C 
. 
—— 


+ 2» 


= 


' 9» The Tangent of any Ark being given, to find the Secant thereif, and 
the Radine. | | 
10. The Secamt of any Ark being given, to fi the Tangent thereof, 
and the Radima. 


The Tangent, and the Secant, together with the Radius of every 
Ark, do makea right Angle Trienglez whoſe ſides gre the-Radius and 
Tangent, and the Baſe/always the Secaot;y and the Angles always 
known by reaſon of che given Arks,' As inthe Retangle AEC, if on 
the Center A, and Semidiameter AE, you deſcribe a Circle, then 
make AE, to be the Radius, and EC, « Tangent of 26.15andA Ca 
Secant of 16 pr, 15 ww. | 

If you deferiden Circle on' the Center C, and Semidiameter C E, 
then-is C E the Radiusand,E A, a Tangent of 93 gr. 45m. and C A 
Secant of 73. 45, "Ts 31337 Fi 

Wherefore theSolation isthe ſame with thoſe before. 


Her In X mo lined Ti = 11-14 "2 
Il. To find a fide by knowing the other two ſides, and the Angle con- 
brat wh v; | NO | 

Let the Se&or be opened in the Lines of Lines to the Aogle given 
a5 I ſhewed before, Cap. 2. Prop. 7. Then cake our the (ides of the Tri. 
angle, and laying them ube one onthe one Line,tbeother 6ntheother, 
ſo asthey meet in the Center, mark how far they extend. For the 
Line __ .berween the termsof their Extenſion, ſhall be ebe third (ide 
required. 

4/0 if ACand AD were-two (ides of a right lined Trizvple con- 
taining an Angleof 16 gy. 16 w. and.it were required, to find the chird 
ſide ſubrendingehis Angle. ils fhocra Ys 

Firſt, I ſer the Linest0 an Angle of 16, 16 m.' by applying be Sine 

of 8 gr. 8 w. ayer in the Poines of 50 and 50, {inthe Line of 'Lines. 
That done, I cakethe longer Line A D; :and cransfer it wich my Com- 
paſſes incoone of the-Lines of Liner, and find it to reach from the Cen- 
cer tO 720, | re: 0:23 Gd, 

Again, I take the lefſer Line A C,and transfer it into the other Line 
of Lines, where it reacheth fromche Cemer to 540, wherefore,I cake 
the diſtance from 540 to 720, and ſuch is the lengch of che third (ide 
CD required. 

| þ Or 


Of the Reſolution of rig ht-lined Triang les. 8x 

Or ( if the Lines be given in meaſure} AD 100, and AC 75, Tex” 
tend the Compaſſes from 100 to 75, and meaſuring this extent in the 
Line of Lines, find co be 35. Whereupon I rake 35 parts out of the 
Scale, by which AC, and AD were meaſured, and prick them 
down inthe LineCD. So, this Line C D ſhall be the third fide 
required. ; 


I 2.T0 find a fide by baving the other two ſides, and one of the adjacent An- 
gler, ſo it br known which of the other Angles is Acute or Oblique. 


Ler the SeFor be opened inthe Line of Lines to the Angle given, and 
the adjacent {ide laid on one of thoſe Lines fromthe Center ; then take 
che other (ide with a pair of Compaſles, and ſetting one foot in the term 
of che former given lide, turnthe other to the other Line of the Sefor 
which here repreſenterh che (ide required, and it ſhall croſs it in ewo 
places ; but with which of them is the cerm of the {ide required, muſt 
be judged by che Angle. 

Asit in che Triangle following, the lide A C being given, and che 
fideCD and che AngleC AD 16 gr.16 . it wererequired to find the 
lide AD. 

Firſt, I open the Seftor jn the Line of Lines to an Angle of 16 gx, 
16 ». and laying the adJicent (ide from the Center A, find where ir 
extendech in C. Then cake the other (ide C D with che Compaſ- 
ſes, ang ſetting one foot in C, and turning the other co the other Line 
of the Seftor, I find that it doth croſs it both in B and D. 

Or, ( if the Lines be given in meafore) A C95, and CD 35; I may 
take 35 out of the Line of Lines, and ſetting one toox in 75, I ſhall find 
' the other foot tocroſs the other Line of the Se&or, borh ar 44 ( an- 
ſwerableto AB )and at 1oo(anſwerable to A D.) 

So that it is uncertain whether che (ide required be A B or A D, on- 
ly it may be judged by the Angle. For if the inward Angle where 
they croſs be Obcuſe, the (ide required is the leſſer ; if it be Acures it 
is the greater. | 


123. To find 4 fide by baving the Angles, aud one of the other ſides given. 


* Take the (ide given,and turn it into the Parallel Sine of his oppo» 
fite Angle ; {o.che Parallel Sines of the other Angle ſhall be the op- 
polite lides required. 


M As 


$2 Of the Reſolution of right-lined Triangles. 

As if in the Triangle ABC, having the (ide A D, end knowing 
the AngleCABtobe16gr.16 m. andthe Angle A BCtobe 143 
4-g.8 m, it were required to find the other ewo (ies, AC,and B C. 

The three 'Angples of a righe- lined Triangle, are always equalco 
180 gr. wherefore Tadd 16 gr. 16 m. nnto 143 gr. $ mp. and by the 
remainder to 180 gr-find che raird Angle A C B oppolite rothe known 
ſide A B, to be 20gr. 36 mm. Thenl take the fide A B, and make ita 
Parallel Sine of 20 gr. 36 wm, 

So, his Parallel S:ne or 16 degy, 16 m. will bechethe (ide B C ; and 
the Parallel Sine of 143 degy. 8 m. will be the lide A C, 

Or if meaſuring the tide A B,I find icto be 44 ; T may take 44 parts, 
either out of the Line of Lines, or o t of any other Scale of equal 
parts, and make it a Parallel Sine of 20 gr. 36 my, So bis Parallel Sine of 
16 gr, 16 my, meaſured in the ſame Scale, will give 35 for the length of 
the lide BC: and the Parallel Sine of g6 gr. 52. will give 75) for the 
tength of che other (ide A C. 

When the ”. a comes to be above go gr, the Sine of 80 gr. doth 
ſtand for a Sine of 100 gy. and the Sine of 70gr, for aSine of 110 gr, 
and ſo the reſt ; for thoſe, which aretheir Complements co 1$0 gr. 


14. To find the proportion of the fides by having the three Angles. 


Take the lateralSines of the Angles, and meaſure them inthe Line 
of Lines. For che numbers belonging co thoſe Lines do givethe pro- 
portion of the lides. 

Thus, in the ewo equi-angle Triangles AE C,A GF, if you take the 
lateral Sine of go gy. for the right Angle at EandG, and megſure it 
in the Line of Lines,you ſhall find itto be 100, Then take the lateral 
Sine of 16 gr, 16 m. for the common Angle at A, you ſhall find ittro 
be 28, Take the lateral Sine of 73 gr. 44 w. For the third Angle at C 
and F, you ſhall find itto be 96. Such therefore is the proportion of 
the l:des. 

As 100 : 9$6,28:: Soare75: 72. 21. 


Is. Tofind an Angle, by knowing the T hree fides. 
Let the ewo containing ſides be laid on the Lines of the Sefor, from 
the Center, one on one [ ine, and the other on theother; and ler che 
third (ide, which is oppoſirero the Angle required, be fired over in 


eheir terms, fo ſhall che Ser be opened in thoſe Lines to the quanticy 
of the Angle required, The 


of the Refilarion of right-lined Triangle. $3 
| The quantity of this Angle is found as in Cap.2, Prop $, Thus having 

the chree ſides of che-Triangle A C D, to find the Angle at A, Itoke 
the two coneaininghdes AD, AC, and transfer them wich my Com- 
paſſes intg the Line of Lives : where I find the one to reach from che 
Center, to073 ; the ather, to 54. 

Then 1 take C D, (the (ide oppoſite tothe Angle at A ) and ſec that 
over between 72 and 54. 

Orifchechree (ices be giverin meaſure A D 103; AC75; CD 35: 
I might cake. 35-for the ide C D ont of the Line of Lines, and ſet char 
over from 100to 75. This done [ rake the diſtance berween 50 3nd 50 
and meaſuring it in che Line of SinesI find ir tobe about $ yy. $ », the 
double whereof is16 gy. 16 the Angle required. | 


16. To find an Angle, by having two ſides, and one adjacent Angle. 


Firſt cake out the fide oppoſite ro the Angle given, and laying it on 
both fides of the Seftor, ſo 8s they meer in the Center, mark how far 
itextendeth; then rake out the lateral Sine of che Aaple, and to ir 
open the SeQor inche terms of the firſt fide: this done cake ove che 
other ſide given, and place it ao onthe ſame Lines of the Seftor from 
che Center, for the Parallels caken in the terms of this (ide; hill be 
the Sine of che Anple oppoſire to the ſecond (ide. 7 

Or rake out the lide oppoſite tothe Angle given, afid make it a Pa- 
rallel Sine of that Angle : then take the other (ide given and carry ir 
Parallel cothe former , till ir tay inlikeSines: ſorhey ſhall give che 
quantity of che Angle oppoſite to the ſecond (ide, 

Thus in the Triangle A C D, knowing wo fides A C, C D, with the 
Angle C A D oppotfite co the fide C D,you may find the Angle A D C 
oppolite to the other known ſide A C, cobeabout 36 gr. 52 w. 


19. To = an Angle by having two ſides, and the Angle contained by 
them. 


Firſt find the third fideby the 11 Prop, and then the Angles may be 
found by the 15 or 16 Prop. 

Fer obſervation of Angles, the Sefor may have ſights ſer onthe 
movable foot: ſo that by looking through them,the edges of the Sector 
may be applied to the ſides of the Angle. 


M 2 For 


$4 


For meaſuring of the fide of lefler Triangles, 
any Scale may ſuffice, either of feer, or inches, or 
lefler parts. Bur for greater Triinples, eſpecially 
for plotting of grounds. I hold ic fit ro-uſe a chain 
of four Perches in length, each Perch divided in- 
eo 25, and the whole Chain. an hundred Links, 
wherein, if the whole Chain be (according to 16 4 
foot in a Perch ) 66 foor, (that is 792 inches ) 
each ſeveral Link will be ſeven inches and 73;. 

Tf (accordingto 1$ in the Perch) the whole 
Chain be 72 feerinſengrh (har is, 864 inches ) 
wen each ſeveral Link will be eight inches 
and $3, 'Þ 

For (o the length being multiplied into the 
brezdch, the five laſt Figures give che content in 
Roods and Perches by this Table; the other Fi- 
oures towards the left hand do ſhew the number 
of Acres direatly. 


As in a long Square, -where the length is 24 


Chains * the breadch 13 Chains 4 the uſusl way 
is, to reſolve the Chains into Perches; So the 
lengek is 97 Perches, and the breadth 54 Perches. 
Theſe multiplied one into the other make 5238 


ſquare Perches, and thoſe ( divided by x60) give | 


32 Acres, 2 Roods, and 38 Perches forthe content 
required. | | 

But, reckoning by Chains and Links, the length 
ts 24 Chains 25 Links, the breadth 13 Chains:50 
Links. Theſe multiplied one into the other make 
32. 73759 ſquare Links, Then, cutting off the 
Gve laſt Figures, I find 32 Acres 73750 /in. ſuch 


as an 100000 do make an Acre, Ot which 70000 © 


Of the Reſolution of right-lined Triangles. 
—HzT 


I 00000 
90000 
80000 
70000 
60000 


— 


$O0GO00|; 2 
40000| 1 
30000 
20000 
10000 


0] 
oO 
O 


|C—eeeemmny — wn——— 


R. 
4 
3 
3 
2 
2 


9375 
8750 
8125 

7500| © 
6875 


6250 
$625 


500o! © 
on 
3750) O 


3125 © 
2500| © 
1875, © 
1250, © 


624 © 


are equal to two Roods 32 Perches : and the reſt 3750 equal co 
6 Perches more ( as appeareth by this Table.) So, the whole-conteng 


is 32 Acres 2 Roods, 38 Perches, as before. 


GHAP.V. 
Of the Reſolution of Spherical Triangles. 


FS: our practiſe in Spherical Triangles, let A be the BquinoQial 
Point, AB an Ark of the Ecliptick, repreſenting the Longirude 
of the Sun inthe beginning of 5, B Can Ark of the Suns Declination 
from the Equator, and A Can Ark of the Equator repreſenting the 
right Aſcenſion. | 


0 
a© 
V5 
A 
<2 3.39 
12... 


D 


Eer BD be an Ark of the Horizon, repreſenting the Amplicude of 
the Suns riling fromthe Eaſt, and B E an Ark of the Horizon for his 
ſetting fromthe Weft : ſo D C ſhall be the difference of Aſcenſion, 
and C Eche difference of Deſcenſion z AD the Oblique Aſcenſion, 
and A Ecthe Oblique Deſcenſion of the ſame place of the Sun in our 
Latitude at Oxford of 51 gr. 45 mw. whoſe Complement 38 gr. x5 mw; 
isthe Angleat Eand D. The Triangles ACB, DCB, ECB, are 
Retangled in C: theother ADB, AEB, conliſt every way of Ob- 
lique Angles, 

Or, to fit an Example nearer to the Latitude of Zondon, Let Z PSre> 
preſent the Zenith, Pole, and Sun, ZP being 38 gr, 30 mw. rhe Comple- 
ment 


' 
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ment of the Latitude, PS 70 gr. the Complement of the Declination, 
and Z $ 40 gr. the Complemenc of the Sons Altitude. The Angle at 
Z ſhall ſhew the Azimuth, and the Angle at P, the Hour of the Day 
from the Meridian. Then if from Z to P'S welet down a Perpendicular 
ZR, weſhallreduce the Ovſique Triangle inco eo Reftangle Tri- 
anglesZRP, ZRS. Orif fromSto Z PÞ we let down a Perpendicu- | 


S | 
lar $ M,we ſhall reducethe ſameZ PS intotwoother Triangles, SM 7, 
S MP, ReRangled at M : whatſoever is ſaid of any of theſe Triangles, 
the ſame boldeth for all other Triangles inthe like caſes. 

For the Reſolution of each of theſe, there be ſeveral ways. I only 
chuſe thoſe which are fitteſt forthe Se&vr, wherein if that beremem- 
bred which before is ſhewed inthe general uſe of the Seftor concerning 
Ka reg bw es it we ohly to ſet down the Pro- 

10n 0 three partsgiyecn, ts the todrth required, and & fhew 
ficſt by. the Sines alone. | 


of the Reſolvtion of Spherical Triang her, - -@7 
In a RiAangled Triangle, 


I. Tofind a fide, by knowing t! | Baſe, and the Angle oppoſite to th: re» 
quired ſide. 


Azthe Radius 
 isrothe Sine of the Biſe : 
So the Sine of the oppolite Angle 
ro the Sine of che {ide required. 


*-As in the Retanple A C B,having the Baſe A B, *#» ns: 


the place of the Sun 30 gre from the EquinoRizl 418/cs.vb; jde,oppo- 


Poinr,and the Angle B A Cof 23 gr. 30 »» the grea- - dre oy oh 
reſt Declination, if ir were required to findthe (ide : 7 
B C the Declination of the Sun. | | 
Take either the lateral Sine of 20 gr- 30m. and make it a Parallel 
Radius; ſo the Parallel Sine of 30 gr. taken and meaſured inthe lide 
of the S:or, ſhall give che ſide required 11 gr. 30mm. Ortake the 
Sine of 30gr. 8nd make it a Parallel Radius ; fo the Parallel Sine of 
23g7. 30m. taken and mealured in the lateral Sines, ſhall be 11 gr. 
30 ». as before: 
Sointhe Triangle ZP S, having ZP 38 gr. 30 m, and the Angle Þ 
31 gr. 34 m. given, we ſhall find che Perpendicular ZRtro be 19 pr. 
' I ,0r having Þ $70 gy. and the ſaid AngleP 31 gr. 34w-given, we. 
may find the Perpendicular SM to be 29 gr. 28 m, 


2. To find the fide by knowing the Baſe and the other ſide. 


Asthe Sine of the Complement of the (ide given 
istothe Radius: | 

$0 is the Sine of the Complement of the Baſe 
to the Sine of che Complement of the (ide required. . 


Soin the Retangle A C B, having A B 30gr, andBC1T gr. 30m. 
given, the (ide A Cwilibe found 27 gr.54 av. by 
; Or in the ReQangleZ R P, having Z P 38 gy. 20 ww, and ZR 2947 
1 x. given, the ſide RP will be found 34 gr-7 mm | 
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3. To find a fide, by knowing the two Oblique Angles, 


' Asthe Sine of eicher Angle 
eo the Sine of the Complement of the other Angle - 
Sois the Radius * 
to the —— the Complement of the ide oppoſite to the ſecond 
Angle. | 


So inthe ReQtangle A C B having C A B for the firſt Angle 23 gr. 
30m.and ACB, for the fecond 69 gr. 22 =. the ſide A C will be 
found 27 gr. 54 m. Or making ABC thefirſt Angle, and CABthe 
fecond, the ſide B C will be found 1 x gy. 30 av. 


'4. Tofied the Baſe, by knowing both the fider, 


As the Radius | 
co the Sine of the Complement of the one ſide : 
So the Sine of che Complement of the other fide, 
ro the Sine of the Complement of the Baſe required, 


SointheRefangle AC Bhoring A C2799 $49. and BO x1 o-- 
30 wv. the Baſe A B will be found = gr. Tg. 54m. a 1! gr 


'S. T ns the Baſe by knowing the one ſide, and the Angle oppoſite to that 


As the Sine of the Angle given, 
tothe Sine of the ſide given : 
So is the Radius 
co the Sine of the Baſe required. 


x 1 AE”. at. -- 4 ” 
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Sointhe ReQtangle B CD, knowingthe Latitude and the Declinati- 
on, we may find the Amplitude ; as baving B C the ſide of the Decli- - 
a——_ c £5” m. _D - -p5 __ y che Complement of the 

atitude 38 gr. 15 2». the Baſe which & the Ampli 
rn ny 4 om Z mplitude, will as 
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6. To find an Angle, by the other Oblique Angle, and tht fide oppoſuce to the 
inquired Angle. 


As op Radius, 
cothe Sine of the Complement of the (ide: 
So the Sine of the Angle piven, 
ro the Sine of che Complement of the Angle required. 


So inthe ReQangle A CB, having the Angle BAC 23 gr: 30m: 
andche (ide A C 27 gr. 54. the Angle AB C will be found 69 gr. 


7. To find an Angle, by the other Oblique Angle, and the fede oppoſite ta the 
Angle given. | 


As the Sineof the Complement of the (ide 
. trotheSine of the Complement of the Angle given: 
So is the Radius, 
cothe Sine of che Angle required. 


So in the Retangle A C B,havingBAC 23 gr.399.andBC 11 gr, 
30 w.the Angle AB C will be found 69 gr, 21 m, * 


8. To find an Angle, by the Buſe, and the fide oppoſite to the inquired 
Angle, 


As the Sine of the Baſe 
is to the Radius : 
So the Sine of the lide 
cothe Sine of the Angle required, 


Soin the Reftangle BCD, having B D 18 gr. 47. and BC 11 gr. 
30m». the AngleB DC will be found 38 gr. 15 w. 

Theſe eight Propofitions have been wrought by the Sines alone ; 
thoſe which follow require joynt =P of rhe Tangent. 

And foraſmuch as the Tangent could not well be extended beyond 
63 gr. 20m. I ſhall ſet down two ways for che reſolution of each Pro- 
b pol:tion; [0 that if the one will nor hold, mw_ other may. . 
4 9.70 
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9. To find a fide, by having the other fade, and the Angle oppoſite to the 
( inquired ſid:. | . | 
\ x, As the Radius s 


— tothe Sine of the (ide given: 
So the Tangenc of the Angle, 
co the Tangent of the (ide required. 


2. As the Sineof the (ide given, 
is to the Radius : 
Sothe Tangent of the Complement of the Angle 
co the Tangent of the Complement of che (ide requircd. 


So in the Retangle A C B, having the (ide A C 29 gy. 54 w.and the 
Angle BAC 23 gr, 30m. the ide BC will be found ro be 11 gr. 30 m, 


10. To find a far, by having the other fide, and the Angle next the inqui= 


red fide. £ 

As the Tangentof the Angle, 2 

ro the Tangent of the (ide given : ; 
So is the Radius 


eo the Sine of the (ide required. 


2. As the Tangent of the Complement of the (ide, - 
co the Tangent of the Complement of the Angle: 
So is the Radius 
ro the Sine of the ſide required. 


This and the like, where the. Tangent ftandeth in the firſt place, are 
beſt wrought by Parallel entrance. And ſo in the Reangle B C D, 
baving B C che lide of Declination 73 gy. 30-w, and B DC the Angle 
of the Complement of the Latitude 38 27. I5 ». thelide D C, which 
is the Aſcenfional difference, will be found 14 gr. $9.9. 

By the Aſcenſional difference is given the time of the Sans rifing 
andſecting, and length of the day : allowing an hour for each 1 5 gy. 
and four minutes of time for each ſeveral degree, As in the example, 
the diffexgnce berween the Suns Aſcealion in a right Sphere, which is 
always 
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always at ſix of theclock, and his Aſcenſion in our Latiende being 
14 gr. 57 m. it that che Sun riſech very near an hour before 
fix, becauſe of the Northern Declination; or after (ix, if the Sun be 
declining to the Sourhward, is 


11. Tofind « fide byknowing the Boſe, and the Angle adjareat next tothe 
inquired fode, 


1, Asthe Radius, 

To the Sine of the Complementof the Angle : 
So the Tangent of the Baſe, 

co the Tangent of the (ide required, 


2. Asthe Sine of the Complement of the Angle, 
is en trot Me ER 
Sois the Tangent of the Complement 
co the Tangent of che Complementof the lide required. 


So inthe ReQangle A C B, knowing the place of the Sun from che 
next EquinoQial Point, and the Angle of his greateſt Declination, we 
may find his righe Aſcenſion : vis. the Baſe A B 30 gr. and the Angle 
B AC 23 gr. 30 m.being given, the right Aſcenſion A C will be found 


27 g7e 54 mw. X 
12, To find the Baſe by knowing the Oblique Angler. 


As the Tangent of the one Angle, 

co:the Tangem of ihe Complement of the other Angle : 
So is the Radius, 

eo the Sine of the Complement of the Baſe. 


Soin the Retangle ACB, having BAC 23 gy. 309. and ABC 
69 gr. 31 ms. the Baſe A Bwill be fonad 30 gr. 


13, To findahe Baſeyby one of the ſider, and the Angle adjacent mx that fide» 


1. As the Radius, 
iscothe Sine of the Complement of the Angle: 


N 3 
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So the Tangent of the Complement of the (ide, 
co the Tangent of the Complement of the Baſe, 


2. As the Sine of the Complement of che Angle, 
isro the Radius : 

So the Tangene of che (ide given, 
ro the Tangent of the Baſe required. 


So in the Reftangle AC 8B, baving A C 27 gy. 54 mw. and BAC 
23 gr- 30 m. the Baſe A B will be found 30 gy. 0m. ; 


14. Tofind an Angle, by knowing both the ſides. 


1. Asthe Radius, 
is eo the Sine of the (ide next the inquired Angle : 

Sorhe Tangent of the Complement of the oppolite (ide, 
cothe Tangene of the Complement of the Angle required. 


2. As the Sine of the (ide next the inquired Ang'e, 
isto the Radius: 

So the Tangent of the oppoſite fide, 
cothe Tangent of the Angle required. 


Soin the Reftangle A C B,having A C37 gr. 54 w. and BC 11 
30 », the Angle at A will be found 23g7. 30m. and the Angle ap 
6g gr. 21 72. 


I5. To od the Angle, by the Baſe, and the fide adjacent to the required 
' Angle. 


1, Astbe Tangent of the Complement of the ide, 
co the Tangent of the Complement of che Baſe: 
To is the Radius, . 
ro the Sine of the Complement of the Angle required, 


2+ As the Tangent of che Baſe, 
to the Tangent of the (ide: 
Io is the Radius, 


to.the l3gn of the Complement of the Angle required. 
7? TY So 


- | .. > dot Rat 8 f : 
3 OD Wes NN 20 : n 


FE, 
$, 
- 
*£ 
» 
$2 
. 
£3 
% 
q 


\ 


Of the Reſolution of Spherical Trianghts, 
' Soin theReangle B CD, having che Baſe BD 16 gr, 47 ws. ani 
the fideBC12 gr. 30 m. the Angle D-BC between them will be found 


$3 gr. IF mm. 
»6, To find an Angle, by knowing the other Oblique Anglezand the boſe. 


1, As the Radius, 
tothe Sine of the Complement of che Baſe z 
Sothe Tangent of the Angle given, 
Tothe Tangent of che Complemeac of the Angle required. 


2. As the Sine of the Complement of the Baſe, 

is tothe Radius: 
So the Tangent of rhe Complemenc of the Angle gives, 
| tothe Tangent of the Angle required. 


So inthe Reangle A C B, having the Angle at A 23 gr, 30, and 
the Baſe A B 30gr. the Angle A B Cwill be found 69 gr. 12. 

Theſe lixteen Caſes are all chat can fall outing Retangle Triangle :: 
thoſe which follow do hold , 


In any Spherical Triangle whatſoever. 


17. To find 4 fide, oppoſite to an eAngle given, by knowl ave fide, and: 
oy ar dra one # oppoſite tothe given Flo the orber $0the 
fide required. 


Astbe Sine of the Angle oppoſiteto the (ide giveny 
is to the Sine of the lide given: 

So the Sine of che Angle oppoſite to the (ide required, 
tothe Sine of che {ide required, 


Soin the Triangle A BE, having the place ofthe Sun, the Latitude; 
and the greateſt Declination, we may find the Amplitude, As havi 
AB 3ogr. BAE 23 gr. 30wv. andABE 38 gr. 15 a. the lide B 


which is tbe Amplitude, will be found 18 gr.-47 mw, | 


25.78 
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- 48. To find an Ange oppoſite to @ fide given, by hawng one Angle and 


two ſides, the one eppoſite to the given Angle, the other to the An- 
gle required, 


As the Sine of the (ſide oppoſite tothe Angle given, 
is cothe Sine of that Angle given : 

So the Sine of the ide oppoſicero the Angle required, 
to the Sineof the Angle required. 


Sointhe Trangle Z P'S, havingthe Azimuch, and Latitude,and De- 
clination, we my find the hour of the day, As having P ZS x30 gr. 


39.PS 70gr. and Z S 4Ogr.the Angle Z PS,which ſheweth the bour 
from the Meridian, hall be found 32 gr. 34. 


19. Tofind an Angleby knowing the three foder. 


This Propoſition is moſt uſeful, bar moſt difficule of all others: 25 


in Arichmetick, ſo by the Sear, yer may it be performed ſeveral 
WAYS. 


1. According to Regiowontanm and others, 
As the Sine of che lefer lideg next the Angle required, 
ro'the difference of che verſed Sines of rhe Baſe, and difference of 
$0 is the Radins, (rhe ſides: 
co a fourth proportional, t 


Then as the Sine of the greater ſide nextthe Angle required, 
is tothat fourth proportional z ; 

So is the Radius, 
rothe verſed Sine of the Angle required; 


Soin the Triangle Z P S, having the fide PS, che Complement 
the Declination JO gy. O mn. the le Z P the Complement of - nr 
tieude 38 gr. 30 mv. and the Boſe ZS che Complement of the Alticude 
40gr. the Angle of the hour of the day ZP'$ will be found 31 gy. 
34 ms. which is 2 h. 6 wv. from the Meridian. 

For the Baſe being 40 gy. © #v, and the difference of the ſides 38 yy. 
go 'm. dnd 70 gr. © wy, being 31.gr, 39 w,the difierence of their verſed 


Sines 


% 
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Sines will be the ſame with the diſtance between che right S'ne ot 
$0 gr. and 58 gr, 30 mw. This difference I take our,and make it a Paral- 
jel Sine of the lefler ſide 38 gr. $0 w. ſo the Parallel Radius wif! be the 
fourth proportional. Then coming to the ſecond operation, I "mike 
chis fourth proportional a Parallel Sine of the greater (ide of 70 gr, 
© w.and take out this Paralle! Radius. For this meaſured from go gr. 
coward the Center, will be the verſed Sine of 21 gr, 34 m. 

In the like ſort in the ſame hr > Z PS, having the ſame Compl'e- 
ments goon the Angle P ZS which is the Azimuth from the North 
partof the Meridian, willbe found 130 gr. 3 w. For here tie Baſe 
oppoliteto the Angle required being 70 gr. and the difference of tt e 
lides 38 gr. 30 w. and 4O gy. being 1 gy. 30 mw, thedifference of their 
verſed Sines will be the ſame with che diſtance between tbe right Lines 
of 20gr.and 88 gr. 30 mw. This difference I take and make ica Paral- 
lel Sine of the lefler lide 38 gr. 30m. fo the Parallel Radius will be 
the ſourth proportional. Then coming to the ſecond operation, L 
make this fourth proportional a Parallel Sine of the greater (ide 40 gr. 
and rake out this Parallel Radius ; for this meaſured from 90 'gr. be- 
yond the Center, in the Lines of Sines, ſtretched forth ar their full 
tength, will be the verſed Sine of 130 gy. 3m, 

2: | may find 8n Angle by knowing three lides, by that which I have 
elſewhere demonſtrated upon Barth. Pitiſcw,and that gr one operation: 
in this manner. 


At the Sine of the greater lide, 

is to the Secanc of rhe Complement of the other fide : 
Sothe differerence of Sines of the Complement of the Baſe, 

and the Ark compounded of the lefſer ſide withthe 
Complement of the greater, 

co the verſed Sine of the Angle required. 


So in the fame Triangle Z P'S, having the fame Complements given,, 
the Angle at P, which fſheweth the hour from the Meridian, will be 
found as before, 31-gr. 34 », 

For the (ides being 38 gy. 309, and 70 gr. O m. I take the Sacane 
of the Complement of 38 gr. 3o w. and make ita Parallel Sine of 
70 gr, then keeping the Sefor at this Angle, I conſider that the 
Complement of 70 gr. being 20 gy. added unto 38 gr. 30 w. the com- 
pounded fide ( which is bereche Meridian Altitude ) will be 58 gr. 
30 Ws. 
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39 wv. and that the Baſe being 40 gr. the difference of Sines of the 
compounded (ide, and the Complement of the Baſe will be { as before} 
the diſtance berween the Sines of Fegr.and 58 gr. 30-9. Wherefore 
TI take out this difference, and lay ic on both, the Lines of Sines from 
the Center: ſothe Parallel caken in the terms of this difference, and 
meaſured from go gr. towards the Center,doth givethe verſed Sine-of 
31 Fr, 34, 7 To, : 

This example of finding the hour of the day might otherwiſe have 
been propoſed-in theſe terms, 


As the Sine of the Complement of the Declination, 
isrothe Secant of the Latitude : 
So the differerence berween the Sine of the Altitude propoſed, 
and the Sine of che Meridian Alticude, 
to the verſed Sine of che hour from the Meridian : 


Then the Latitude being 51 gr. 30 w. the Declination 20 gr, North- 
_ and «the Altitude 5& gr. che work would be the ſame as 
before. | x 

The other Angles PZ S, PS-Z, may be found in the ſame ſort ; bue 
having the lides and one Angle, it will be ſooner done by that which 
we ſhewed before-in the 18 Prop. 


20. Tofind a fide, by knowing the three Angler, 


If for the greater Angle, we take his Complement to 180 gr, the An- 
gles ſhall be curned into fades, and the (ides into Angles, and the ope- 
ration ſhall be the ſame, as in the former Prop. | 

As inthe Triangle Z PS, having the Angle ZPS 31 gr. 34m. 
ZSP 30 gr. 238m. andPZS130gr. 3 w. Iwould take the greater 
Angle of 130 gr. 3 w. out of 180 gr. and there remains 49 gr. 57 m. 
Then as I had a Triangle of three known (ides, one of 31 gr. 34 m. 
another of 30 gr. 20 »x, and athird of 49 gr. 57 ms. I would ſeek the 
Angle eppolite co one of theſe (ides, by the laſt Prop. So the Angle 
which is thus found, would bethe ſide, which is here required, 


21. T0 find a fide, by having the other two fidety and the Angle comprebended. 


This Propoſition being the converſe of the nineteenth, may be 
| wrought 
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" wrought accordingly : but the beſt way both for ic and thoſe which 


follow, is to reſolvethem into ewo ReQangles, by lerting down a Per- 
pendiculgr, 4s was ſhewed in the firſt Prop. . 

So in the Triangle Z PS, having Z P the Complement of the Lati- 
tude, andP Sthe plement of the Declination, with Z P'S the An- 
gle of the hour from the Meridian, we may find Z $ the Complement 
of che Altitude Of che Sun. 

For having let down the Perpendicular Z R, by the firſt Prop. we 
have ewo Triangles, ZRP,ZRS, both reftangled at R. Then may 
we find the (fide PR, either by the ſecond, or tenth; or eleventh Prop. 
which taken ourof P'S, leaveth the fide RS: with this RSandZR 
we may find the Baſe Z $ by the fourth Prop. 

Or baving letdown the Perpendicular $ M, we haveewo ReQangle 
Triangles SMZ,SM P, Then may we find MP, from which if we cake 
Z D, there remainecth MZ: but with MZ and SM, we may find che 
Baſe ZS. 


2.2» To find a fide, by baving the other two ſides, and one of the Angler next 
' the inquired ſide. 


So in the TriangleZ PS, having Z P, the Complement of the Lati- 
tude, and ? S the Complement of the Declinacion, withP ZS the An- 
gle of the Azimuth, we may find Z S the Complement of-the Altitude 
of the Sun. 

For having Z Þ, and the Angle at Z, we may to SZ produced, 
let down a Perpendicular Þ. V. Then we have ewo ReQtangle Tri. 
angles PVZ, PVS, wherein if we find the ſides V Z; VS, and 
rake the one our of the other, there will remain the fide required 
ZS. 


23. To find fide, by baving one fide, and the two Angles next the inqui- 
red fide. | 


So inthe Triangle A B D, having AB the'place of the San; and 
B A D the Angle of the greateſt Declination, and ADB the Angle 
of the Equator with the Horizon, we may find A D the Oblique 
Aſcenſion. 

For baving let down B C the Perpendicular of Declination,we have 


two Retangled Triangles, ACB,DCB, 0p may we find A jw 
rig 
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right Afcer.fion, and D C the 8ſcenſior al &ifference z and comparing 
the oge wich the other, there remainech A D, 


24 To find a fide, by having two Angler, and the ſide incloſed by 
them. 


So in the TriangleZP S, having the Angles at Z arid Þ, wich the 
ſide intercepted'Z Þ, we may find the (ide PS, For having let down 
the Perpendicular Þ V, we have two Reftangles PYZ,PVS, Tren 
may we find the Angle V PZ, either by che ſeventh, or fitteench, 
or (ixreenth Prop. which added ro ZPS, makech the Angle VPS, 
with this V.P S, and Þ V, we may find the Baſe P'S, according tothe 
I; Prop, 


25. Tofind an Angle by having the other two Angles and the fide incleſed 
by th:w. _ 


Sointhe Triangle Z PS, having che Angfes arZ and P, with the 
lide intercepted ZP, we may find the other Angfe Z SP. For having 
ler down the Perpendicular Z R, we have ewo ReRangles ZRP, 
Z RS. Then may we find the Aogte Þ Z Rby the fixxteemt Prop. and 
char compared withPZ $, leaverh the AngleRZS: with this RZS, 
and J R, we may find che Anpfe required Z SR, according torhe fixch 
Propoſition. 


26. To find an Angle,by having the other two Angles, and one of the ſides 
next the inquired Angle. , 


So inthe Triangle A BD, having the Angles at A and D, with the 
lice A B, we may find the Angle A B D. For having let down the 
Perpendicular BC, we trave ewo Refangtes, ACB, DCB. Then 
may we find the Angles ABC, DBC, andecake DBCourof A BC; 
tor ſo there remaineth the Angle required A BD. 


 27.To find an Angityby lyntwing two fer,and the Angle contained by them. 


Sointhe TriangleZ PS, having the fides Z P, PS, with the Angle 
cotiprehended 205, we any find the. Angle Þz $.” For having ler 


down che Perpendicufar SM, we ttave (v0 Reftungles SMZ, SMP, 


Then 


®, 
* 
"Yo 
g 

=_ * 


Then may we find rhe ſide M P, and raking Z P out of MP, there re- 


- maineth M Z : withthis M Z and the Perpendicular M S, we may find 


the Angle M ZS, by the fourreenth Prop, This Angle M Z S, taken our 
of 180 gx. there remainerh Þ Z S, | 


28. Tofind - Angle, by knowing the tw) Sdes next it and ont of the other 
' Angles, | 


So in the Trizngle Z PS, heving the fides ZP, and P'S, withthe 

gleP ZS, we may find the Angle ZP S; For having ler downthe 

rpendicular Þ V, we have two ReQangles PVZ,PVS. Then may 
we find che Angles VPZ, V P'S: and taking VPZ out of V PS, 
there remaineth Z P'S, which was required. 

Theſe 28 Caſes are all chat can fall ove in arly Spherical Triangle : 
if any do not preſencely underſtand them, let chem once more read 
over the uſe of the Globes, and they ſhall ſoon become ealie umto 
chem. 


CHAP, VI, 
Of the Uſe of the Meridian Line in Navigation. 


Tz Meridian Line is here ſet on the fide of che Seftor ſtretched 
forth at full length, on the ſame Plane with che Line of Lines and 
Solids, and is divided unequally toward 87 gr. ( whereof 70 gy. are 
about one half ) in ſuch ſort as the Meridianin the Chart of Aercators 
Projetion. The Uſe of ir may be, 

1. To divide a Sea-chart —_— Mercators Proje#:0n, 

If a degree of the Equator on the Sea-charr, be equal co the hun- 
dred pare of the Line of Lines inthe Sefor, the degrees of the Meri- 
dian upon the Seftor, ſhall give the like degrees upon the Sea-chart 3 
if otherwiſe they be unequal, then may the Meridians of the Sea« 
chart be divided in ſuch ſort as the Line ct Meridians is divided on the 
— by that which we ſhewed before inthe 8 Prop. of rhe Line of 

ines. l | 
Burto avoid error, I have here ſet down a Table, whereby the Me- 
ridian Line may be divided out of the degrees ofthe Equator ſoppoling 

O 3 eac 


100 | The Uſe of the Meridian Line; 


each degree in the Equator , to be {ubdivided into a thouſand parts. 
By which Table, and the uſual Table of Sines, Tangents, and Secants, 
the Proportions following may be alſo reſolved Arithmertically, For 
the manner of diviſion, let the Equator be drawn, and diyided, and 
croſſed with Parallel Meridians, as in the common Sea-chare : then 
look into the Table, and let che diſtance  berween the Equator and 
40 gr, inthe Meridian, from the Equator, be equal c043 gr. 911 parts 
of the Equator, as in the Table: let 50 gr. inthe Meridian from 
the Equator, be equal to 57 gr. 90g parts of the Equator, and ſoin 
the reit. 1 

The making of this Table is, by additien of Secants. For che ParRl- 
lels of Latirudes being leſs chan the Equator or Meridian in ſuch pro- 
portion as the Radius is co the Secant of the Paralle]. For example, 
_ the Parallel of 60 degrees of- Latitude is leſs than che Equator ( and 
conſequently, each degree of this Parallel of 60 degrees leſs than a 
degreeof the Equator, or Meridian) in ſuch proportion as 100000 the 
Radius, hath unto 200000 the Secant of 60 degrees. 


! 


| A Table for the Diviſion of the Meridian Line. 101 
a. | Gr. Par.| A Gy, Par. MA Gr. Par,| M' Gy. Par.| M4 Gr. Par, 
I oO, of | 3.001] 6] 6.011 | 9.037|12| 22.088 
IT cloo| | . 3-101 6,111] | 9-1;5] | n2.19c 
J io 200] 3.201| 6.212] |. 9.239 I2.293 
[| 4300 3-301] | 6.312 9.341) | 12.395 
| +400 3402 0.413 9.442 12.497 
| .500 3.502 | 6.514 9 543] | 12.600 
"| 60011 3.6021 1 6.614] | 9.645 | I2,702 
| +700 3-702 6.715 9.7 40 I 2.503] 
| ,800| 3.803 6,816 9.848 I 2.907 
| +900 3.993 6.916 9.949 13,010 
| I] 1.000] 4l 4.0031 71 __7-O17tron 10.05HTt] 13.112 
1,100] | 4.103| 7-118 IO. 52 13.215 
1,200 4.204 7.219 10,254 I 3,318 
1.300 4.304 7-319 IC.355 | I 3.421 
I ,400 4.404 7-420 10.457 13.523 
| —| 1.500 _4-504| _| _7-$21]-_ | 12:559 1/1 I 7,626 
1,600] | 4.605 7.622 10.661 I 3.729 
| 1.700 4-705 7.723 I 0,762 | I 3.832 
1.800 4.825 7-824 10,864 I 3.935 
I,900 4.906 74925 10,966 14.038 
| =} 2.000 Fl 5.006 _8 8.026|11 I 1,068 14 14.141 
2.100] | $106 8.127 11.170 14.244 
2 200 $.297 8.228 I11:272 14.347 
2.300 5.307 8.329 11.374 14.450 
| | 2.400]. | 5.408| | 8.430] | 11.476] | 14.553 
| 2,500] | 5.508 N 8.531 IJ 11.578 14.656] 
—l 2,601] | $609 8,632 11.680) 14,760 
| 2,701 $.709 8:733 | 11,782 14.863 
2.801 5.310 8.834 11.884 14.967 
] 2.901 5.910 8.936 11.986 15.070, 
| 3] 23.001] 5] 6.0111. gl! g.oz7l12! 12.088)151l 15.1741. 


A Table e for the Diviſion 
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MIGr. Par.| M| Gr. Par Gy. Par M\ Gr. Par Gy. Par, MiGr. Par 
5| 15.174\78| 18.303|21] 21.486 24 "24.724 28,058 
15.277 4 18.492 21,503 ye. 22,171 
15.381 18 513 21.70 249953 28.283 
15.485 18.619 21.808 25-067 29,396 
15.588] | 18.724] | 21.915} | 25-173] | 28.508 
15.692] | 18830 21.023] ]_25 282 29,521 
15.796 I8 935 22,130 25.392 22,7 34 
15 900 19.041 22.238 25.502 20,347 
16.004 19.146 22.345 25.613 28,959 
16.107 I9,251 224453þ | 25-723; 20072 
16.211 19, 356122] 22.561 25.833 2c.186 
16.316] | 19.403 22.669] | 25.943 29.299 
16.420] | 19.569 | 22.777] | 26.054 | 29.313 
16.524 19.675 22,885 26.164 29.526 
16.628] 1 19,7811 | 22.9931 | 20.275! | 29,640 
16,732\ | 19.887] . | 23,101|_| 26.386] | 29,753 
16,836 I9.693 23.210 26.497 29.867 
16.941 20,100 23.318 26,608 29.981 
17.045 20.206 23-4271 | 26,719 30.095 
I7.150 20,312 | 23+433% 26.830 30.209 
17.255 20,419]23| 23.643]26| 20.941 30.324 
17.359] | 20-525] | 23-752] | 27.052] 30.438 
17.4641 ! 20,632 23-861 27.164 30.553 
17.568] | 20738] | 23-970] | 27.275 50.667 

| 17.673] | 20.845] | 24-079] | 27.387] | 30.782 
| 17.778] | 20-953] |_24-188] _| 27.499 30.897 
17.883 21,059! | 24-297 27.610!” | 31,012 
17.988 21,195 24,406 27.722 31.1257 
18.093] | [21.292 24-515 27.834 31,242 
18,198] | 21.379] | 24-62 27.945! | 31.357 
| 18.3 At G | 244734127) 28.058|30! 31.473 


of the Meridian Lines 103 
M1 Gr. Pay | 4] Gr. Par-| M| Gr. Par A Gr. Par, M —_— 
3ol 31.473 3} _ 34-992 36 38 63: C 42-415 42] £6 }0 - 
Wil 31.385 #; 35.111] 38.757] 42.544 4v.496 
31,704 35.231 38 880] 42.673 | 46.631 
31,820 | 39.350 39 094 42.802/ 46 756 
31.936 359-470 39 129 42.931 44 +7 92, 
32.052 35-590] | 39.853] | 43.061 47.037 
= 3216811 35-710 39.377) 143 191” | gangs 
| 32.284] | 35-830] | 39.502] | 43-320] *| 47.309 
12.409 35.950 3 96027 43-451 47.440 
| 32.516 36.071 39-733 43.581 47-581 
31 32.633[341_36-191137| 39,977iq0] 43711123} 47.718 
I | 32,750] | 36.312 40,002] | 43-842] | 47,855 
32.867 36.433] | 40.128] | 43-973 47 992 
32.984 36.554 49.25z 44.194 48.129 
. 33.101} | 36.675 49.3795 1 44235] } 48267 
[| 33.218] | _36.796|_| 49 505[_ [44-366] | 4840+ 
—| 37.336] 36.917] | 49 631]  f 44-498] | 48.542 
33-453] | 37-039] | 42-757] | 44639] | 48.681 
t 33-571] | 37.161} 1 40 884; 7 44-762 48.819 
| 33.688 37.282] | 47-014 44 394 | 48.958 
22} 33.806|25} 37.405|35|_47-137|411 45:926]44] 49.079] 
33-924] | 37-527 41.204] | 45-159 "| 49-236 
34-042 37.643 47-3221 |} 49-292, | 49.375 
34.161] | 37-771] | 41-519] | 49-425] | 49.515 
| 134-397] _ nn_ 41-774] _ | 45:69i] | 49.795 
1 34.516) ; 38.1490' |, 41.902!” 45.825! ! 49.915 
| 34-635] | 39 263] | 42.030] | 45.959] | 50.076 
| 34-754], 'f 39-386] | 42-158} | 46.093] | 50.217 
| 34-873] | 3%509] *| 42-287} | 46.227] | 50.35 
33) 34992176! 38,6334139* 42-415142" 46.3621451 50.499 


no. en eons & Min md 
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A Table for the Diviſion 

Ml Gr. Par. 1 M{\ Gr. Par| /A Gr. Par. M Gr. Par, Gr, Par. 
45| $0:499/48| 54-36051| 59.487 154| $4:412157] 09711 
] $0.641 A 55.910] | 59-640 64.582) 69.895 
50.783| | 55.160} | 59.B0ol | 64.753 70.080 
50-925] | $5310 59 960 644924 70 265 
51.068] | 55-460] | 60.120] | 65.096] | 70.449 
$1.210 F5.O1I1 'R 60,280 by 65.268 70.635 

—| 51.353] | 55-7621 1 60.441 65 440 70.521 
| F1.496 J5-913Z 60 601 65.613 71.908 
51.639 506.005 60,763 65.786 7TI,195 
51.783 56.217 60,925 65.960 71.483 

46| 51.927|491_56-3691521 61,088!55! 66.14/58! 71.572 
eY FRO7 50.522 61.250 664308 71,761 
$2.215 56.675 61,413 66.493 71.950 
52.360] | 56.828] | 61,577] | 00.059] | 72.140 
52.505 56.981 61,741 66,835 72 331 
52-550] | $7135] {| 01-904 87.911 72.522 

| $2795 57.289 62.069] © | 67.188 72.714 
$24941 $7-444|. | 62-234] | 67-365] | 72.906 
53.087 57.598 62.399 67.543 73.099 

| 53.233 57.704 62.564 67.721 73.2392 
47 53.380]59} $7.909[533 62.730[56| 07-900 73.486 
| $3.56 58.065 62.897] | 68.079 _— 
$3-673 58.221 63.063 68.258 73.875 
53.821 $8.377 63.231 68.438 74.071 
53.968] | 58.534| | 634395] | 68618] | 24 265 
54-116] __ 58.691] | 63.566 68.799 74.464 

] | 54-264 58 848 63-734| | 68.981 74.661! 
54-413 59.0006 | 63.903 69.163 74.859 
54.562] | 59-164] | 64072] | 69.345] | 75.057 
$4711 $9322 64.042 69.528 75.256 

49! 54860151! 59.481!54 64-412 57! 69.712160 75.456 


of the Meridian Line. 
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Iog 
141 Gr. Par.| | Gr. Par.| M\Gr. Par.| M|Gr, Par. 
671 81.749 88.725 96.575|72[105.579/ 
—| $1,970 88.971 96.554 105.904! 
82,191 89.219 97.135 106, 2 30i 
| 82.4153 89.467 97-418|- [106.558 
82.635 89.716 97,701 [ 06.888 
| | 82.860] | 89,967] | 97:986| [107,220 
—[ 33.0841 "| 90.218] | 98.2721 l107:5 53 
83.313] | 90.470 98.560] [107,888 
83.536 90,723 98.849] [108.226 
83.763 90.978 99-139} [108.665 
83.990167| 91-232}70|_99:431172?H 08,906 
54.219 91.489]"| 99-724] [109.249 
84.448 91,746] - [100.018] [109.594 
84.678 92.005} [100.314| [109.941 
84.909 92,264| [100.612] [110.290 
85.141 92.525  1100.910 [110,641 
85.374] | 92-787] [191.211] [110.994 
85.607 93.050] [101.513] [a1r.349 
| 85.842 93-314 101.816]. I 11,707 
86.077 | 93.579 IO2,121 I 12,066 
5 86.313 93.346 711102.427 112.428 
"| $6.550 94-213| [102.735] j112.792 
$6.788 94.382! 1103,044! 113.158] 
87.027 94-652] [103.356] [113.526 | 
87.267 94.923] [103.668] [113.897 
87.508 98.195 103.98 3 114.270 
87.749 95.465} 1Ir04.299,— 1114.645[. 
87.992 954743] j104.616] [115.023 
88.235 96.019] [104.936] [115.403 
88.480 96.296] [105,257] [115.786 
28.725 96.575172|105.579i75!116,171 


106 4 Table for the Diviſion of the Meridian Line. 
MA Gr. Put | M Gr. Pur. ut rp M Gr.Par, M\ Gr. Par. 
3s 116,171 78 12997581 145-6584 iokog7 (9: j20k 703 
[116.559] "1129.558] [146.292 169.912] [210.649 
116.949] [130.065] [146 942] [170.893] [212.668 
117.4342] [130.536] j147.600] |t718g1] [214745 
117.737 31,031 148.265 172.907| }216:909l 
118.135] FI31.530| 148.937 '* 173-941] 219.155] 
—[118.3z6] 1132.034|"" [149.618] 1:74 9p4! 1221.498 
118.939] 1132-542] 150,307]. [t76:067] [223,938 
119.345] 1133-235] }rF1,003 [77«160] '1226,486\ 
119.755] [133-572] [151.709] [178.275 229,153 
76}: 120, 166179 134.294 82 152 423'S) 179.411188 23 14950} 
112 FTETT —1134.620 153-147 1 80,569|© 274-591 | 
121 od t35. ig] [153,898] [181,752 237-991} 
121.420] [155.657 [154.620 182.960] [2 17. 268| 
\i21,%43] 1136.228] Hhigg.z721 4-194) 44 744 
122,270] |1 $6.77 5 | 196 132] © 135-454 248.4+5 
' [122.700] [137,326] [136.903] -_ 783 wh 252.402 
122.133] 137.883} f157.685| p [256.652 
| [123.5701 ?'138.445) Ir58.478 (fg 41. j26T. 243 
[124.009] [139.012 159 281] [190.793] 1:66.235 
124.452|80} i39.585|83[166.096|g6[192 210 8927 1,705 
124.895| 1140.164| j168.922|” [193.661] 277-75 75; 
[125.3464 1146.748 161.761 195 x51} 1284.517 
| [125. 5or| 141.339] [162.612] [196.680 292.191 
126, 258) I4z.936 16g 474 198.251 301. 058 
126.718] 1142-938] 164. 152] {199:867 311.563 
| 1137.282) 143.147] 1169 247, © 1201-5291 (1324 455 
127. 049 I43,763 166.146 203.240, 341.166 
128.121 144.385] [167.065] [205.005] | .03 
128.596 145.014 4 -999 206.325 | -— 9% 
j78/129.0751$11145 630/84" 168-9471871208-7505 oo/infoe 


108 had the Meridian Line, 
If it be # particuler Chare, F wonld firſt draw the Line AB fer- 
ving for the firlt Meridian, 8nd croſs it with ewo Perpendiculars B C 
ahd A D, che one at the upper end, che ocher at the lower endof the 
Chart, which may ſerve for the excreme Parallels of Laticude char you 
are to make uſe of. 4 | | 
; Then conlilering at what Latiende che Chart is ro begin and ed, 
and char ehis Chart inten1ed for the Laticnde'ot theſe parts, is/to be- 
in at $Ogr. 8nd ſo end at 55 gr. I look intothe Table, and find that 
- pug of Latirude muſt be drawn at 57 gy. 90g parts ; and 55 gr.of L1- 
exrudeat 667. 174 parts from the Equator; and that che Meridian 
diſtance berween the Parallel of 5o gr. and 55 gn, of Latirude muſh be 
equalto Bgy. 225 parts of the Equator. Wherevpon I cake che Lioe 
A Bout of the Meridian Line, and diminiſh it in ſuch. proportion as 
8. 225 hath unto 1000 per 3 Prop. Line and with, that excenc of icthe 
Compaſſes, I divide the two extreme Parallels of Latitude inth equal 
degrees, and through each degree draw Meridian Lines paralleltorhe 
firſt Meridian, noting them wirh 1, 2, 3, 4, &c, and then, [ ſubdivide 
either one or all of thoſe degrees into ten parts, and( if I may) each 
centh part into ten parts more, bur howſoever, I ſuppoſe each degree 
co be ſubdivided into 1000 parts. ; 
; The Meridians being drawn, I come to the Parallels of Likitdde, 
begirming ar 5o gr. 8 * MY * i - & 
: And finding inthe Table, that the diſtance between the Equeorþnd 
cO.gr."in the Meridian ſhould be equal to 57 gr. 909 parts injthe 
Echiacor Jnd his Parallels, I may ſuppaſe the lowelt Parallel t6 be 
57 gr. from che Eq ator : ſo the diftence-berween thirtoweft-Pargllel 
bod Parallel of-5o gr. will beonly geg. parts,"\, Wherefor@'l fake 
heſe gog odd parts, 'our of che Cegrees thatl divideq before, and 
_. them down inro the two uttermoſt Meridians from rhe loweſt 
arsllel upwards, and'there draw the Parallel of 50-gr-- of -&Eati- 
tude. | | | cn | 
! Inlikemanner, becavſe.I find by the Table that; the diſtapcebe- 
gen the Equator and 51 gr.” in the Merigian is59 or. 3; arts of 
& Equator,I abate the former 5747: and ther in 2;95-q8Tparcs 


for rhe diftance between the lowelt Parallel; and This Parelel-of 51 : 


herefore.l rake rheſe 2 degrees 481 parts; out of the Lice before di- 
ided, and prick them down in the two uttermoſt Meridians '( as; be- 
e ) fromuhe. loweſt Parallel upward; and there draw the Parallel of 

51 degrees of Latitudg. q | 


It 
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120 The Uſe oft#he Meridian Line: 

' IF ny Jelir$to have his Chart agree with his Seer, bemay make 
each gegree of Apo. v4 ned - the tenth parc of the Line of 
Lines, und divide the Meridian of bis Chart out of the SeRtor : fo 
ſhall exch Jegree of rhe Cherr be' ren' rimes #3 large «s the like 
jus oY on the Seftor, and the work be eafie from: the one to che 
ot 


Or be may divide the Meridian of his Chart by the ſide of 8 Pro- 
traQtor, ſuch as is commonly uſed by Saryeyors of Land, and is here 
repreſented by A CBE, wherein the outward part of the Semicircle 
AB Ci divided equelly into 480 gr. The inward part equally into 
16 Rumbs, and each Rumb ſubdivided.iato 4. 


The Uſe of the Meridien line; - EDT 
The Lines C D, DE, E A,- divided equally according tothe Line 
of. Lines upon che. SefJor,, or. che Parallels.upon the Charr, - Onely che 
D:amecer A C would be divided nee » by lexing down. occult 
perpendicular Lines upon it from: each e-in the Semiciccle,. 
which being -done, che intermediace - pare berween the Rumbs and 
the Dijamerer may be all cut forth: And the back- ſide of che- hong 
Square may be-filled- with 6 Lines of Chords! or Scales off feveral 
pars inthe (Inch | ela 
So may »4he Myridian. be divided. by: the parts -of che Side” E D, 
the Angles of cach Rumb may readily be pricked down- by the De- 
grees in-.che Semicircle, and the Line of Chords and che-ortier-Scalds. 
may ſerve to do the like with more variety, IT | 


» 


2, To find bow many Leagwes anſwer ts me Degree of Longithde 
BYL\0 in every ſeveral e | | 


In failing by the Compaſs, che'Courſe holds ſomeetume upon a Great 
Circke, ſomerime upon a Parallel co che Equator 3 bat moſt commonly 
upon crooked Lines, winding towards one of the Poles, which Lines are 
well known by the Name of Rewbs. | 

If che Courſe hold upon a Great Cirde, it: is either North 'or Souch 
under ſors Meridian, or Eaft'or Weſt ander the. Equaror. And ig 
cheſe Caſes; every Degree requires an allowance of twenty Leagiies 3. cve- 
ry ewenty Leagues will make-a Degree difference im the (ailing 2 - fo char 
here needsno further Precept than the Rule of Proportion ua the Chapcer 
of Lines. 227) 


Bur if che Courſe hold Eaſt or Weſt, or aay cf-che Parallels co che 


Equator, | 
4 


As the Radims, 
ir. to twenty Leagues, the: Meaſure of ine Degree at the Equa- 


tor : 
So the Sine of the Complement of the Latitude, 


t0 the CMeaſyre of Leagues anſwering to one Degree in that 
Latitude, | 


Where» 


45 14 1 
49 23] 12 
33 Lo 12.1 
56 38] 11 
60 ] 10 
23 15] 9 | 
166 25þ -8.] 
199 30 7 
72 32] 6 
LA RE-1J I. 7 
78 25 <4 
$1 29] | 3 
84. T 2 
8 *$ 'r. 


The'Uſevf the Meridian-line. © 
4 -' Wherefore I take 20+ Leagues one of the Line of 


Lines, and+make ita parallel Radius, by ficring ir over 
in.che' Sines of go and.go': ſo his/ parallel Sine raken 
out of che Complement of the-Lacicudeg and meaſured 
in the Linc of 'Lines, ſhall ſhew the number of Leagues 


ired. . 
4 \hantin the Latirude of 18 gr.'12w. we ſhall fipd 


19 es anſwering to one Degree of Longicnde, and 
18 "Leagues inthe Laritude of :25 gr. 15 wv. as in this | 


Table: -* 


This may be done more readily without opening the 
Setor, by doubling che Sine of che Complement of the 
Laticude, as may appear inzhe ſame = IST 

Ic may alſo be done by the Line of Meridians, eicher 


uporithe Sectorz or upon. the Chart: For'if we open a 


pair of Compaſſes tothe quantity of one Degree of Lon- 
gicude in the Equator, or one of his Parallels, and 
meaſure it in the Meridian line, ſecting one Foot' as 


' much above the Laticude given, as the other fallech be. 


neath ic, ſo rhat the Laricude may be in the middle be- 
eween the Feet of che Compaſſes, the number of Leagues 
intercepted ſhall be that which was required, 

Bur if che Courſe hold upon.any of the Remwbs, bee: 


rween a Parallel of the Equator and the Meridian, we are to confider 
(beſides the Equator of the World co which we tend, which muſt be al- 
ways known), | | | | 

2. The difference of Longitude, at leaſt in general. 


_ | 2. The difference of Latrude, and 


chat in particular, 


3- The Rumb whereon the Courſe holds. | 
4. Thediſtance upon the Raumb, which is the diſtance which we are 
here co conſider,and is always ſomewhar greater chan the like diſtance up- 


ona greater Circle. And for. theſe,fuſt,E ſhew in general this chird Propo- 


fitions 


g 


, Th id bow many Leaguer do anſwer to ont 
, 1 ok of Latitude in Ny ſtviral Rumb, 


The Seamans Compaſs is commonly divided 
into J4 Points; the half, into 16 z chequarcer, 
into 8; which have their names of N NS, 
NNE, &e. according to thoſe parts of the 
World to which they point, Anſwerable to 
theſe Points, are the Rumbs upon their Chart | 
each quarter divided into 8, each Rumb 11 go», 
3 5 9. diſtant one from the orhe: 3 The firſt Rumb 


' being that which is 1 1 gy. 1 5 av, diſtant from the 


Meridian z the ſecond, 22 gr. 30 w. the third, 
3327.45 mand ſothereſt. And (if they have 
need of {maller parts) they ſubdivide each Rumb 
into quarters, allowing 2 g7+ 48 my, to the firſt 
quarter, 5 gy. 37 to the half Rumby &s. as in 
the Table following. 

At the Sine of the (ompleneent of the Rumeb 

from the Meridian, 
i to 20 Leagues, the Meaſure of one Degree 
of the Meridian t © 

$0 is = Radias, | 

to the Leagues an[wering to one Degree npon 
the Rowb, G iff 

Asifin ſailing NE b N,from'50 gre of North 
Latitude, it were required how many Leagues 
the Ship Chould. run before it could come to 
SI gr, of Latitude, becauſe this is che chird 
Rumb, and che Inclination thereof 33 gr. 45 w, 
I wonld take 20 Leagues, &c. 

Wherefore I take 20 Leagues out of the Line 
of Lines, and make it a parallel Sine of 56 oy. 
Is ». the Complement of the Ramb from 
Meridian ; ſo his parallel Radiusrakeo and mea- 
ſured in the Line of Lines, ſhall ſhew me 24 for 


the number of Leagues required. . « 


The Uſt of the Meridian-line, 


la 


[ 


la 


lo 


| =o 


407 GO{/ 


[nfinits. 


And 


4 


The Uſe of the HMeridien-line. 


 _ 


And thus in the firſt Rumb from the Meridian we ſhall find 20 
Leagues 39 parts anſwering to one Degree of Latitude, and 21 Leagues 
G5 parcs in che ſecond Rumb, &sc. as in chis Table, where we ſabdivide 
each League into a hundred parts, and ſhew beſides what Inclinarion che 
Rumb hach to the Meridian. 
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This may be done more readily wichout opening the 
SeRor, by douvling che Secant of che Rumb, as may ap- 
pear in che ſame Example. 

[t may alſo be done upon rhe Chart, if firſt we draw the 
Rumb; then we take che diſtance upon the Rumb berween 
ewo Parallels, and meaſare ic in the Meridian-line, as 
far above the greater Latirade as bencach the lefſer. For che 
_ of Leagues incercepred ſhall be chat which was re- 

ired. | 

For Example: In the ſecond Chart, pag. 113. I firſt 
draw the $ Rumbs, from the Interſe&ion of the Meridian 
with the Parallel of 50 gr, of Laticade, either by thac 
which I have ſhewed e 1n the general Uſe of Sines, 
Chap. 11. Prop, 10. or by help of the ProcraQion laſt men- 
rioned : For, laying the Cencer of che Protrator to che 


. Point of InterſeRion ( which is to be the Center of che 


Rumbs) and curning che Diamecer of the ProtraQtor uncil 
it be parallel co che Meridians of che Chare (which is then 
done, when the Meridians and Parallels in the Charc fall 
under like divifions in the Protraftor} I may make one 
prick at 11 gr, 15 mm. another ar 22 gr. 30s. in the ouc- 
ward part of che Semicircle; and fo che reſt. 
Or, having neither SeRor nor Protractor, I 


ould ha 
a Line of Chordsſeron the Gde of the Ruler w ”1 


« Tt, Prop. to. So chefe Arks being pri 
eva of theſe ways, the' Ri bw 


che Parallels of 50 and 5 r gr. upon A C, thethird Rumb; 
| and 


The Uſe of the Meriduan-lint. 15 
and meaſuring it in the Meridian-line, I find the Compaſſes to reach 
from above yy of a Degree below the Parallel of go, bur Jy above the 
wr of 51 gy. intercepting 1 g”% 75 or 24 Leagues, ſuch as 20 make 
a degree, 

y or I take the diſtance upon the ſame Rumb between the Pa- 
rallel of 54 and 5x5 gr. which 1 find to be ſomewhat longer than the 
former diſtance berween the Parallels of 5o and gt 3 bur meaſuri 
ic in the Meridian Line, according to the Latitude of the Parall 
I find but 1 gr. 2; (cr 24 Leagues) as before, for the number of 
Leagues anſwering to 1 Degree of Latitade upon this third Rumb, 

And by the ſame reaſon, I may find che number of Leagues an- 
ſ{wering to a Degree of Latitude upon the reſt of che Rumbs agree- 
able ro the Table, 

This confidered in general, I ſhew more particularly in twelve 
Propoſitions following, how of theſe four any wo being given, che 
other two may be found , both by  CHercator's Chart , and by this 
Sefter. 


1. By one Latitnde, Ramb, and Diftanee, to find the 


Difference of Latitade:. 
At the Radius, | 
to the Sine of the (omplenuent of the Rumb from the cMe- 
ridian : © 


So” the Diftence upon the Rumb, 
to the difference of Latitude. 


Ler the Place given be A, in the Laticnde of go gr. C in a great- 
er Latitude, bur unknown, the diſtance upon the Rumb being 6 gr. 
berween them, and the Rumb the third from the Meridian. 

Firſt, I rake 6 gr. from the diſtance upon che Rumb, out of the 
Line of Lines, md; make ir a Parallel Radius, by putting it over in 
the Sines of go and go: Then keeping the SeQtor art this > 
cake out che Parallel Sine of g6 gr, 15 ww. which is the Sine 6f the 
Complement of the third Rumb trom che Meridian, and meaſuring 
it in the Line of Lines, I find it to be 5 gr. and ſuch is che diffe- 
rence of Latitnde required, 


Q 2 Or, 


216 The Uſe of the Meridian- line. 


Or, I may take out the Sine of 56 gr, 15 mv. for the Comple- 
ment of the third Rumb from che Meridian, and make it a paral- 
lel Radius; chen keeping the SeRor ar this Angle, I take 6 gr. for 
the diſtance, eicher our of che Line of Lines, or any other Sca'e of 
Equal parts, or elſe out of the Meridian Line, and lay ic on both 
fides of the Seer from the Center, cither on the Line of Lines or 
Sines: ſe the Parallel taken from the Terms of this diſtance, and 
meaſured in the ſame Scale wherein the diſtance was meaſured, ſhall 
ſhew the difference of Laticude co be'5 gr. as before. 

Bar in ſhorter diſtances, ſuch as fall within che compaſs of a days 
failing, this Work will hold much better; as may appear by com- 
paring the Work with the Table following, where che Numbers in 
the front do fignifie the Leagues; thoſe in the fide, the Rumb ; and 
the reſt in the middle, the difference of Laricude, 

In the Chart let a Meridian A B be drawn through A, and in 
A with A B. make an Angle of the Rumb BAC : Then open che 
Corapaſles, according to' the Latirude of che Places, ro E F the quan- 
tity of 6 gy, in the Meridian, transferring them into the Rumb from 
A to C, and through C draw the Parallel B C,, crofling the Meri- 
nian AB in Bt ſo the Degrees in. the Meridian from- A co B hall 
thew the difference cf Laticude to be 5, gr. 


2. By the Rumb and both Latitude: to find the Diſtance 
upon the Rumb. 


Hs the Sine of the Complenuent of the Rumb from the Meridian, 
is to the Radius: 

So is the Difference of Latitudes, 
to the Diſtance. upon the Rumb.. 


As if -che Places given. were A in the Latieude- of 50 gr. Cin 
on Laticude of 55-gr, and che Rumb the chird from the Meri- 

tatt.. 
| Here I. may cake 5 gr. for the. difference of Laticude out of the 
Line. of Lines, and put 3t- over. in the. Sine of 56. gr, 15 wv, for the 
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Thi Ofe of the Meridien Line. 119 
Complement of the third Rumb from- the Meridian. Then keeping 
the Sector at this Angle, I rake out the Parallel Radius, and meaſa- 
ring it in the Line of Lines, I findiero be 6 £y.and ſuch is che diſtance 
vponthe Rumb, which was required. 

Or 1 may take che Lateral Radius, and make it a Parallel Sine of 
56 gr. 15 ». the Complement of the Rumb from the Meridian: then 
keeping the Sector at this Angle, Itake 5 gr. for the difference of La. 
ticude, eicher out of the Line of Lines, or out of ſome other Scale 
of equal parts, and lay icon both (ides of the Seftor from the Center, 
either on the Line of Lines or of Sines: ſo the Parallel caken from . 
the terms of his difference, and meaſured in the ſame Sczle wich rhe 
the HR thew the diſtance upon the Rumb ro be 6 gr.0r 125 
Leagues. 

Or keeping the Seffor at this Angle, I may take the difference be- 
eween FO gr. andg 5 gy, out of the Meridian Line, and meaſuring ic 
in the Equator, I ſhall find ic co be equal ro Þ yy. 22 p, of the Equa- 
tor. Wherefore I rake the Parallel between $22 and $22 our of the- 
Line of Lines, and meaſuring it in the Line of Lines, 1 hall find icto 
be 989 ; which ſhews that according to this projeQion, the diſtance. 
vpon this third Rumb, anſwerable ro che former difference of Lati- 
eudes, will be equal to 9 gr. 89p. of the Equator. 

Or the Setor remaining at chis Angle, 1 may take the difterence 
berween 5O gr. and 55 gr. out of the Meridian Line, and lay it from. 
the Center on both ſides of the Seor, either on the Line of Lines oc 
of Sines : ſo the Parallel caken fromthe rerms of this difference, ſhall 
be che very Line of diſtance required, the ſame with A Cor E Fupon 
the Chart ; which may ſerve for the berrer prickingdown of the di- 
ſtance upon the Rumb, withour raking it forth df the Meridian Line, as 
in the former Propoſition. yt 

Or if the Rumb fall nearer co the Equaror, that the lareral Radius. 
cannot be fred over in ir, atis Propoſition may be wrought by Parallel 


entrance. | 
Forif Mirſt exleeoart the Sine of 56-gy. t 5 w.and mike it 2 parallel - 
Radius, by f«ting rover in the Sinex of 90 ant gp, or in the ends of - 
the Line of Lines, and then take 5 gy. for the difference of Lacirades 
oun of the Line of Zines, and carry it parallel rothe former, 1 ſhall find 
ies croſs both Lines of Zizerin the Points of 6: and fo it gives the 
fame diſtance ex before; : | | 
Or if the diſtance be ſel, ir may be found by the FE. 
| n= 
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For the Rumb being found in the (ide of the Table, and the difference 
of Latirude inthe fame Line z che top of the Column wherein the dif- 
ference of Latitude was found, ſhall give the namber of Leagues in the 
diſtance requiree, | 

Or we may find this diſtence in the Table of Rumbs in the fifth Pro- 
poſition following. For accordingto the example, look into the Table of 
che chird Rymb for 5 gy, of Latitude, and there we fhall find 6 gy. 10 
parts under the title of diſtence, | 

So if che difference of Latitude upon the ſame Rumb were yo gr. 
.the diſlance would be 60 gr. -13 perts. If the difference of Latitude 
uponthe ſame Rumb were only + of a degree, the diſtance would be 
. only 60 parts, ſuch as 100 do make a degree, 

In the Chart leta Meridian A B be drawn through A, ard Parallels 
of Latitudethrough A and C; and then in A, wich A B, make an 
Angle of che Rumb BAC: ſo the diſtance take from A to C, and 
meaſured in the Meridian Line, according tothe Laticude of the pla- 
Ces» _ be found co be 6 gr, or 120 Leagues. And ſuch is che diſtance 
required. | 


3. By the diſtance and beth Latituder, to find the Rumb. 


As the diſtance uponthe Rumb, - 
to the difference of Latitudes : 
So is the Radius, 
eo the Sine of the Complement of the Rumb from the Meridian: 


As if the places given were A, in the Laticude of 5o gy. Cin the 
Latitude of 55 gr- the diſtance between them being 6 gr. npon the 
Rumb. Firſt I cake Gy. for the diſtance upon the Rumb, and lay ic on 
both (ides of the Sefor from the Center ; then our of the ſame Scale 
 Icake 5 gr. forthe difference of Latitude, and to it open the Seftor 
inthe terms of the former diſtance: ſo the parallel Radius taken and 
meaſured in the Sines, doth give 56 gy.15 ».. the, Complement where- 
of 33 gr. 45 wv. is the Angle ofthe Rumbs inclination to the Meridian, 
which was required. _. _ 

In the Chart let a Meridian A B be drawn through A, and Parsl- 
lelsof Latitude, both chrough-A and C ;. then open the Compaſſes 
according tothe Latitude of the places to E F,$he quantity of 6 gr. in 
the Meridian, and ſetting one:foot inA, turngheother till it croſs the 
Parallel 


'The Oſe of the Meridian Line, 21 
Paratlel B Cit C,and draw the right Line A C: ſo the Angle BAC 
ſhall ſew the inclination of the Rumb to the Meridian to be 33 gr. 
45 m. a5 before. | | £ 

Theſethree laſt Propoſitions depend'one en the other, and may be 
wrought as truly by che Common Sea-Chart as by this of XMertators 
ProjeRion : and therefore in working them by the Sefor, the diſtance 
andthe difference of Laticudes may as well or better be taken out of 
the Line of Lines ( which here repreſenteth the Equator } or any 
other Line of equal parts, as out of che inlarged degrees in the Me- 
ridian Line. But in the Propolitions following,the difference of Lon- 
girude muſt be taken out of the Equator ; the difference of Lati- 
rudes and diſtance upon the Ruab muſt alwaies be taken out of the 
Meridian Line: which I therefore call che proper difference,and pro- 
per diſtance. 


4. 'By the Longitude and Latitude of two plazes to find the Rumb. 


As if the places given were A, in the Latitude of 50 gr. Cinthe 
Latitude of 55 gy. and the difference of Longicude berween them 
were 5 £7. 30 mn, 

In the Chart let Meridians and Parallels be drawn through A and 
C, and a ſtraight Line for the Rumb from A to C; then by that we 
ſhewed Cap. 2, Propoſition 9. ihquire the quantity of the Angle 
BAC, and ire ſh:l! be found to be 33 gr. 45 m. which is the third 
Rumb fromthe Meridian, Wherefore the proportion holds for the 
SeRor, 


As A B the proper difference of Laticude : 
isr0 BC the difference of Longitude : 
So is A B Radius, 
co B C, the Tangent of the Rumb from the Meridian. 


According to this 1 rake the proper difference of Latitude from 
5Ogr.to 55 gy. ontof the Line of Meridians, and lay ic on both (ides 
of the Seftor from the Center ; then I take the difference of Longi- 
eude 5 gr. 4 outof the Line of Zines, and to ir open the Sefor inthe 
terms of the former difference of Laticudes, ſo the Parallel Ra- 
digs taken from between 9o and go; _ in the greater 


angent 
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Tangent on the ſide of the Sefter, doth give 33 gr. 45.9 for the Ru 


required. 
ut if the Rumb fall nearer to the Equator ;. 


As A D the difference of Longirudes, 
is to D Cthe proper difference of Latitudes : 
$0 A Dche Radius, 
to D Cthe Tangent of the Rumb from the Equator. 


According to this I take the former difference of Laticudes from 
50 gr-to 55 gr. out of che Line of Meridians, and to it open the 
Seftor in the terms of the difference of Longitude reckoned in the 
Line of Lines from the Center, ſo the Parallel Radius taken and 
meaſured in the Tangent, doth give 56 gr. 15 wv. for the Rumb from 
the Equator : which is the Complement to the former 33 gr, 45 ». 
and ſo both ways it is found co be the third Rumb from the Meri- 
dan, | 

Bur if this Rumb were to be found in the common Sea-chart, ir 
ſhould ſeemto be above 47 gy. which is more chan the fourth Rumb 
from the Meridian. 


$» By the Rumb and both Latitades, to find the difference of 
Longitude. 


As if the places given were A, in the Lacicude of 50 gr. and C 
in the Latitude of 55 gr. and the Rumb the third from che Meri- 
dian, 

In the Chart, let a Meridian be drawn through A, and a Parallel 
of Latitude through C, then in A, with A B, make the Angle of the 
Rumb from the Meridian B A C, ( as was ſhewed Cap. 2. Prop. to.) 
- Sothe degrees in the Parallel between Band C, ſhall be found to be 
5 2r- +, the difference of Longitude which was required. Wherefore- 
the proportion bolds for the Sefor, 


As A B the Radius, 

toB C the Tangent of the Rumb from the Meridian : 
So A Bthe proper difference of the Laticudes, 

roBC the difference of Longitude. 


Accord. 
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According to this we may rake the Tangent of the Rumb which is 
here 32 gr. 45 9 from the Meridian, out of the greater Tangent on 
the fide of the Sefor,and putting it over between go and 99, make it 2 
Radius : then keeping the Seftor at this Angle, take the proper diffe- 
rence of Laticudes from 50 gr. to 55 gy. our of the Line of Meridi- 
ars, and lay it on both (ides.of the Seftor from the Center : ſo the Pa- 
rallel caken from the terms of this difference, and meaſured in the Line 
of Lines, ſhall ſhewthe difference of Longitude to be 5 gr. 4. 


As D Cthe Tangent of the Rumb from the Equator, 
to A D che Radius : 

So © Dche proper difference of the Laticudes, 
to AD che difference of Longicude. 


According to this, we may beſt werk by Parallel entrance, firſt ta- 
king $6 gr. 15 m. for th? Angle of the Rumb from the Equator, our 
of the greater Tangent, and make ir a Parallel Radius : then cakethe 
proper difference of Latitudes our of the Line of Meridians, and 
carry it Parallel co the former : ſo we ſhall find itto croſs the Line of 
Linesin 5 gr. #. And this is the difference of Longitude required, the 
ſame as betore. 

Bur if this difference wereto be found by the common Sea-chart, 
it ſhould ſeem to be only 3 gr. 20 mw, which is more then two degrees 
leſs than the truth. And yet this error would be greater, if either 
the Laticude be greater, or the Rumb fall nearer the Equator, as 
may appear by comparing the common Sea-chart with the Table fol- 
lowing. 
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Aud Meridian.  Sonth and by Eaſt, South and by ft. 
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ol 3-43] 17 33] | 47] 1062] 47 92| | 77] 24 75] 78 51) 
8| 364] 18 35| 148] 1091] 4894] | 78] 25 67|.79 53 
p 3 85 I9 37 40] 1121] 49 96 79] 26 67 80 5$ 
m 4 061-20 39 50] 1152| 50 98 80] 27 76| 81 57 
pi 2 21 41 gl] 11 1 52 © 81 28 97 82 J9 
"RY ph , 2} |] 8: o 32] 83 61 
2) 4 49] 22 43 $2] 12 15, $3 3O 3 | 
4 4 70] 23 45 | 153] 1247| 54 4 83] 31 84] 84 63 
* 4 92] 24 47 | | 54] 12 81] 55 6 84| 33 61| 85 65 
4- 5 14] 25 4d 55] 13 16] 56 8| | 85, 35 69| 86 67 
<4 5 36 36 51 F6 13 Fo! 57 20 | 867 38 24| 87 69 
5 58] 27 531 | 57] 13 86] 58 12 | 87] 41 52} 88 71 
oe 5 80] 2B55s] | s8] 14 23] $9 14 88] 46 15] 89 73 
201 603] 29 57 59] 14 62) 60 H = 54 06] 90 75 
zo 6 26" 30 59 60] 15 O1] 617 18 | 90 


D —_— 


125' 


The ſecond Rumb Nuth, North-eaſt, Nirth, Nor themeft, 
from the Meridian. $o#th. Sexth eaſt, South, Scnth weſt. 
[C2] Long. |. Diſt. |_ | La] Long. Diſt. La| Long. | Diſt. 
Gyr or. Par. |Gr Par. Gr Gr. Par, \Gr. Par. Gr Gr.Par. |Gr.Par.) 
of! ©| 130] 13 03] 32471 | &9_31 29]_64 94, 
i] 0 421 3 08 34l 13 5il 33 54 61] 32 09] 66 03 
2] ogz3] 216 32] 14 ©O| 34 54 62] 32 96] 07 11 
3] n 24} 3 25 33] 14 49] 35 72 , 03 33 86] 68 19 
4| 1 63] 4331 | 34] 15 oo] 36 &© 64] 34 79] 09.27 
5} 2 ofl 541] | 351 15 gol 37 88] [651 35 75} 79 35 
6| 2 49] 649] | 36| 10 00] 38 97 66] 36 75] 71 44 
7] 2 91] 757 37] 16 Fi 40 of 67] 37 80] 72 52 
8] 3:32] 8 66 | 38] 17 03] 41 13 68] 38 88] 73 69) 
| 9] 3 74] 974 39] 17 56) 42 21 69] '40 00] 74 68] 
10- 4 16] 10 82 40] 18 Io| 43 30 70] 4t 19] 75 77 
11] 4 5g} 1190] 141] 18 65] 44 38] 172] 4243] 76 85 
12] 5 o1] 12 99 42] 19 20| 45 46 72] 43 74] 77 99 
13] 5 43] 1407] [43] 19 76] 46 54} 173] 4511-79 01 
141 5 85| 15 15 44| 20 33] 47 62 74] 46 57] 8010 
> 6 28|- 16 23 45] 20 92] 48 71] 175 48 12| 81 18 
16] 6 71] 17 33 40] 21 5ol 49 79 70] 49 78] 82 26 
17] 7 14] 18 40 þ# 22 21] 50 87 77 51 55] 83 34 
181 7 58] 19 48 481 22 721 52 95 78, 53.406 84.42 
I9 8 91] 20 56 49| 23 35] 53 93 | 79] 5554 85 52 
20] 8 45] 21 65 gol 23 98| 54 12] ] 89] 57 $2] 86 59 
'Y 8 go] 22 73 F1] 24 03] 55 20 S1] . 60 33 87 67 
"oy 9 34] 23 8: F2j 25 301, 56 28 82; 63 "4 88 76 
23] 979] 2489! [53] 25 98| 57 37 [ 8] 66:32] 89 84 
24| 10 24] 25 98] 154] 26 69| 58 45 54, 69 99] 90 92 
25] 10 70] 27 96{ [55] 27 39| 59 53 | 74 32| 92 00 
26! 11 16, 28 14] | 56; 28 12; 60 61 861 29 63] 93 O9 
27] 1 62 29 22 57 28 87, 61 79 87] $6 46] 94 17 
28] 12 08[-30 3. 58] 29 64| 62 78 | | 88 96 10] 95 25 
{29 12 55] 3! 39| | 59| 39 44] 63786 $9] 112 57] 96 28] 
13 031 32 47 60" 31 25! 64 94 90 1] 


— 


——— 


a ; h-weſb by Neth, 
wrgr th-eaft by North North- 
"he third Rum), North ref þ 4 7 ; South-weff by Sonth, 
South-eaſt by "Dif. 
Tom the Meridian. : Di. Lal Long. 
Dif. Le Mc. Gr. Par- Gr. Par. Par, 
La Long (ts Oo Po Par\Gr. . Par Gr 6 
2 I0Gv. Pop Gr, Par. —_ 76 os 0 W 73 16 1 | 
o|_—0|__—o| [3921 0; 37281 | ail oral 7556 
YA ——|—— 311 21 8ol 37 2 18] 74 56 
| 133] 2 40 I 7 69 63] 5403] 75 77 
2 LE 614 333] 23 38 -þ yo bb 12 76|07 
3 won, : 8 | 24 24 18] 40 59 >» bt- 57 681 78 17 
C1 | 6 ol | 351 25 oo IV 66] To 29) 79/57 
- $344. 22. Þ. | 36] = hoyl 5p 67] 69 99| 80 58 
: 4 8 42 | <a F: 45 2 | 68] 62 71] 81 75 
4 2] 138] 27 4 64 53l 82 9 
: 4 10 a0 391 28 39 pv = 66 44] 84 19 
T --! frye Job | 71] 68 45] 85 39 
the Bnagh. | 09| 49 31] 1] 7 
tof | 41] 30 og © 53] 86 59 
1] 7 39 *o _ | | 42 30 98| JO5I| | 72 —_ 87 59 
=: bs 75 6 | 43] 37 58 ba tl] Be 4. 75 12] 89 00 
/ 9 
4 9 444 16 84 | 44] 32 80 ” 12 75] 77 Gal go 20 
"20 13] 18 04 je o = 5502 76] 80 30| g1 49 
5 4 5 = I 92 
61111 83] 19 24 | 47] 35 67] 56 52 7 < 25| 93 $1 
17) 12.53] 20 45 | 48] 36 66] 57 73 7 "Mp4 bes 01 
h {pips bo + 49] 37 67, 58 93 L9 93 27] 96 22 
> * 64 44 031398 78 6g = . 81] 97 32 97 42 
20] 1 | 1] 39 74 3 - þ-0 
RE EFRH ESTA BERATEE: 
22 4A 27 «9 ' 153] 41 91] 63 741 84] 112 g0[101 03 
23] 15 v0 28 86 | [54] 43 03 £44 $5, 119 golto2 a: 
a”. £$-+ bed BY | 0 batt dB 128 451103 43 
yſz6| 18 00 4 47 57] 46 58} 6 Lf 8] 155 00 log 84 
I " 50 33 67 58] 47 82 ” 75} 9 181 58j107 04 
= 8] |59| 4977 | 
20 26] 34 8 | 042] 72 16 9O | 2 M 


—_ 


127 


"P -CA North-weft, 
| nd fray pt” Swth-wſt. || 
_ T. - g- | Diff. La Long. | Diſs. 
Le 2 = Gr. 4 Gri\Gr.Par, |Gr.Par. 
Gr|or. Par. Gr. Par. 0» |Gr. Pare\Gr.Par. Gr WSZED 
< © o| |30| 31 451 42 42] 60175 4 
I T0 141 T 32 63| 43 84 61] 77 491 85 27 
$2108 g | 32] 33 $1] 45 25] 162] 79 5s| 87 68 
- $lp$por Boe | 6 67 63] gr 75|-89 09 
OO] 4 24 33] 34 99] 40 07 { vi 
; 4 00 5 66] [34] 36 19 we þs he 9013p 
© 
SESHIFEEME EH: 
- (4 90 ; 39 2a 52 33 67] 9123] 94 75 
330g) 113: 38 41 14 5374 68] 93 85] 96 17 
| goon) | 42 43] 55 15] | 9] 9658] 97 56 
3-454: Ys io 3 71( 56 65 701; 994?| 98 99 
els i+| _ F- _ 57 38. 71] 102 43]100 41 
3 aka $i Wl b# pe 6| 59 40} 172] 105 58|101 82 
12] 12 og] 16 97 | 42] 4 72 59 4c Pal hos Filies'bd 
$ P we 1 ov þ- _ 62 22 74} 112 431104 65 
iy bw rt j+- " 5O| 63 64 75] 116 171106 06 
15] 15 17] 21 21 45 > 5 *3þ 326 xy [107 (hl 
22 63] { 46] 51 93] 05 Os 4)- 
# farÞa 3 33] 66 4675 7177] 124 45108 v9 
14 he $6< open pf 4 86; 67 88 78! 129 08|110 31 
& P_ign (acF} « ? " 7] 69 29 2ol 134 10|[1H 72 
v9] 19.26] 2. 2 | = - - 70 71 80] 139 59|113 14 
04 þ+ 59 2s] 72 12 81] 145 65/114 55 
21] 21 49 29 70 | ol ps x Yocfe. phe. 
S FUHEMC 62 73] 74 95 83] 160 10/117 35 
NY | > 64 41] 76 37 84] 168 9 [118 79 
<p+f br + 66 = 77 78 85] 179 41 120 21] 
«br)6 4>* -b 67 go! 79 Zo 861 192 21\121 62 
= $$ - 8 - 69 = 80 61 | 87] 208 71[123 04 
{bb p "; 71 57] 82 02 88] 231 951124 45 
Rd I 59 73 49| $3 44 89| 271 711125 8c] 
29] 39 - 410 7 ".: ili 
301 31 471 42 43 F Vi 


{ 


Y 


one 


| [he fifth Rumb 
from the Meridian. 


North eaſt and by Exſt. Nurth-w: ſt and by W ſs. 
Sonth-e:ft and by E-ft. Sutth-w.ft and by Weſt. 


ij Lane 


Diſt. 


Ur. Par. 
Oo 


Gr. Par. 


O 


n%) Owe ww H -\o! 


© wo bo = OO 


» 4 
0 4 Gar ras $4 rakes » hs O09 ” _ 4 0 > - 
. 
' 
. 
— a__— 


a 5% EK = 1 W. 
V Do ww O © UN © 


ey P . 


—_—  —  —  — — — ——— — —  ——— — 
" ” " 


0 
\A 


t 


- 
_ 


L 


do 
CO 


ty 


—_—_— 


I 49 
2 99 
, 4 49 
6 OO 
7 5O 
9 OO 


IOSg, my 1 


I2 OI 


I3 52 
IF 04 
I6 56 
18 og 
I9 62 
21 16 
22 70 
24 26 
25 82 
27 39 
28 97 
30 55 
32 15 
33 70 
35 38 
37 OI 


38 66 
| 4O 32 
42 00 


43 67 
| 45 38 
47 IO 


— 


I 80 
3 60 


5 40 
7 20 


9 007 


IO 8o 


I6 20 
18 00 
I9 80 


21 60. 
23 40| 
25 20 
27 00 || 


28 80 
30 60 
32 40 


34 20 
36 ©00- 


37 80 
39 60 
41 40 
43 20 
45 OO 


46 80 


48 60 
5040 
52 20 
54 00 


Lal Lonp | Dif#. Þ 
Gr, P.r.\Gyr, P, x 


O. 


69 39 


 p——_— 


| 84 36 


- 


[OI 62 
[O04 33 
[07 I2 


59]109 98 
GOIII2 97 


| 47 10 
48 84 


FO 60 
52 37 
$4 16 
55 98 
$7 82 
59 68 
61 57 
63 48 
65 42 
66 39 


GI 43 


La Long. | Diff. 
G [Gr Par«\or. Par. 


73. 48 
75 58 
77 72 
79 8g 
B2 10 


86 67 
89 03 


_ —_— 


gl 43 
92 88 
96 40 
98 98 


60' 1129 = ou 
G11 1i5'9 


.o0g9 80 
T19:10|LII G2 
T.2 341113 40 
f25 7C1IN95 20 
129 18[117 00 
132 78|118 80 
136 54|120 60 


| 140 451122 40 


I44 $31124 20 
148 > 00 
153 301127 80 
158 00[129 60 
163 o0[131 40 
168 26,133 20 
173 861135 00 
179 841136 80 
186 26[138 60 
193 177140 40 
200 691142 20 
208 g11144 00 
217 g98]145 80 
228 131147 60 
239 611149 40 
252 85|151 20 
268 511153 00 
287 671154 80 
312 36|156 60 
345 15]158 40 
406 721160 20 


| 


| 
| 
Ft 
! 
| : 
' 
: 


129 


—_— 


75 98 


6al182 18 156 78 


The fixih Rumb Eaft North caſt, Eaſt Sonth-caſt. 
from the Meridian. Weſt Nerth weſt, Weſt Sonth-weſt. 
"ne DET | Ee DE | | Log: | DP 
Gr. Par.|Gr.Par. | Gr, Pas. Gy Gr. Par-\Gr. Par 
30] 75 08 E 182 18}156 = 
i] 241 zil 78 78 . L611] 187 ©, | 
2) 4 B3 32] 81 61 Fo I92 13 162 on! 
3] 7 25 33] 34 48 63] 197 36|164 62] 
4] 9 65 34] 87 37 64\| 202 771167 14 
5] 12 08 351 90 30 [55 208 g81169 85! 
6| 14 51 36| 93 27 66| 214 201172 
71] 16 94 37] 96 37 F 220 251175 © 
8] 19 37 38] 99 31 | | 68] 226 g71177 
9] 21 81 391102 40 233 151180 3 
| 24 26 40]105 53 249 0$|182 92 
26 71 411108 71 247 27|185 53 
29 17 421/111 93 254 901188 1 
31-65 431115 20 262 931190 75 
| 34 14 44[118 53 271 4314193 37 
36 63 ' 1Tasfhz1 g2 280 46|195 9 
39 13 | | 46:25 36 290 11]198 59 
41 65 1471128 87 300 46]201 21 
44 18 oo 132 44 | 312 62\203 82 
46 75 | | 49|136 og 323 73]206 43 
49 29 Sojr39 81 337 00]209 of 
FI 87) 1 51[143 60 351 64/211 66 
54 47 $2[147 47 | 368 00214 27 
57 08 J3!1y1 44 386 511216 89 
24] 59 71 | 54]:55 50 407 89|219 5 
62 36 | 551159-66 433 13/222 101 
65 04 561163 93 464 os 224 7 
67 74 | $71168 31 503 881227 
70 46 | s8[r72 80 $60 001229 95 
73 20 59[177 42] 656 08[232 56 


F30 


— o_ 


30'158 23 


C'379 35 307 55 


90 


he. aſt and by South, 
F he ſeventh Rumb Exoft and by _ oo $— 
from the Meridian. W.# and by Nort —s nm 
| "FF; vg - j 4 g. it. 
ol | Gr tw. lr: Pare TAE ra Gr.Par., 
EE EZ 158 23|153 77 60] 370 351307 55 
T - D = Rel. TT - 6H 389 561312 67 
\ fps — cal | 62] 400 10317 8 
02 2 —_— up I5 | 63] 410 g8[322 gz 
| 3] 15 obs 33[175 921169 "5 bi [ed ere 
Oe +; 138 <4 pgs 65] 433 941333 18 
4 Be " H - bs why - 66] 446 031338 30 
"Sent 300 4 189 65 67] 458 661343 43 
ol 2997 Hf bs 821194 78 68] 471 Bo[348 55 
2 wolars 9.90 | 69] 4B5 521353 68 
pt -< /ob 76 Nu 03] 179] 499 Bgj;358 81 
10] 50 52 _—_ DES 71 by tows 163 93 
[1] 55 63 41|22 37421 IEEE HH 
12] 60 77 42/333 o8j2r5 28 71] 220 70060 6s 
[3] 65 92) 43]239 90 o 4 4} 4 age 
0749 n—_ 4p = 75 584 03] 384 43 
[5] 76 28 9058 $1230 6). [75 4 00034 43 
iu} Bs 5O 40 + 951235 79 | 77 een en 
ihe 20.75 Mga G " O 78] 648 911399 $1 
'8} 92 02 481275 801246 04 ol Jong 1299 8 
- » 2 49|283 40[251- 16 [2] 974 151404 Bs 
oli? JO1291 131256 29 7 [> 
0 IO02 64 '! 2 [261 41 P 732 251415 
2I]1108 Ol -m 299 + or 4 821 766 30 pn om 
224113 42] 321 307 a+ 83] 80g 85/425 as 
25] 1185 oſs Be 276 79 | 184] 849 38 439 57 
IG 4 $4323 $1281 92 85] 901 98 435 Gy 
1229 P7 4 een 24 $64 966 31/440 Ba 
201135 44 301341 36[257 4 3 4) pt 
if jj 95 44 \ A. of = S | [166 11]45I 07 
a6}196 4 : _- 45 _ 43 8911366 23 456 20 
29|152 44 )9[3 


* 


 — 


IJ1H 


The | In deg. 
and W-ſt, with the Longitude anſwering zo one 
In | pe rn £&) L [rt exeees to one degree of Longitude. 


7 -| Dif. La| Long. | Diſt. | 
z I- 4 i = 2p | GrlGr. x Parts, 
GrlGr. Par.| Parts. Gr|Gr. Pay ka EE nn 
— [ppm—n—_— , 30 I 25 86 60 vO b- ——_ 
- = [T7 T 171 85 711 | 61 2 06} 48 48) 
D oo 99 of 32] 1 18] $4 80 62] 2 13] 46 94 
N feof 30 be 33 r rg] 83 86] 63 ; 2 201.95 43 
1 100 <u 34] 121] 82 90 64] 22 1 
4] 1001 99 755 [24 i 22\-b 92 by. 2 37] 42 

5 oy 9 I2 80 90 66 2 46| 40 67 
(a1 99 45 x25 79 86 67 2 56] 390 
7] 101] 99 25| 37 2] 8% a 2937 

9 101] g9 oz 3 vl $a 6g 20 ix8 
rd 1 01 g8 76 39 nh. iN = > 134k 
to 103 | - > M3 19s os 
rr I 02 05.20 + 54+ 

ne or as 43] 137] 73 13 

I3 L 03 97 43] 44 t 39 21 93 

tg] 103] 97 03 [190 

5 vj $4324 | 46 1 44] 69.46 

we eps PR 47] 147] 6820 

171] 104 95 63 ow 4 > 

18] 1 Of} 95 10 ol > mr 

me 93 97 | go| 1 55] 64 28 

20] 1 00] 93 97 ol. 150 66 

21] 107{ 93 35 724" x Gal 6r x6 

22 ho $$ 53] 1 66] 6018 

- or 35l 54] 1 79 5877] 
[5 + 29 _ 55], 1 74157 35[ 

25 111.8988] |561" 1.79/55 92 

ut t2 $9107 57 1 34) $446]. 

27] p | 88.2 [ $3] 1 89] 5299 

| 2x14] 8746] [59] 1 94] $150] 

bs 14 87 46] 159} $24" 


ww a - 


132 The Uſe of the Meridian Line; 

Theſe Tables are calculated for each of tbe Rumbs. 

The firſt ſeven have three Columns, and of them the firſt con- 
tainerh the degrees of Latitude from the EquinoAialto the Pole : the 
ſecond doth give the difference of Longitude ; and tbe third the di- 
ſtance, both of chem belonging tothart Rumb and Laticude- 

As inthe Table;of the chird Rumb ; at the Latitude of 5o gy. 1 
find under the title of Longitude 38 gr. 69. ts, and under the title 
of Diſtance 60 gr. 13 parts, This ſhews that if tlie courſe held con- 
ftamly on the third Rumb from the Equino&ial to the Laticude of 
50 gr.the difference of Longitude would be 38 gr. 69 parts of 100, 
and the diſtance upon the Rumb 60 gry. 13 parts. For bere I reckon the 


. Ciftance by degrees, rather than by Leagues or Miles, and ſubdivi- 
+ ded each degree into 200 parts, rather than into 60 minutes, forthe 


more eaſe in Calculation, and withal to make che Calculation to 


- agree the better, bord with his, and my Croſi-fff and other Inſtru- 


ments, | 
The uſe of theſe Tables, for the finding of the difference of Lon- 


. gitude, is this. Turn tothe Table of the Rumb,gndtbere ſee what Lon- 
, gitude belongerh co either Laticude, then take the one Longitade our 
_ of che other, the Remainder will betbe difference of Longitude re- 


quired. | | 

| As inthe former Example, where the places given were A, inthe 
Latitude of 5o gr. C inthe Latitude of 5 5-gr. and the Rumb the third 
from the Meridian : I look into the Table of the third Rumb and 


and there find, Hh 
A Latitude 50 gr. | Longitude 38 gr. 69 ports. 
Laticude 55 gr. Longitude 44 27- 19+ 


Therefore the difference of Longitude F gr. 50. 


There is another Uſe of theſe Tables, for the deſcribing of the 
Rumbs both on the Globe, and all forts of Charts, For having drawn 
the Circles of jeude and Latitude, atd finding by the Tables, rhe 
the differecce of Longitude 'belonging to exch Routh and Laticude:: 


_ If we make 8 prick in the Chart, at every degree of Latitude, accord- 


ing to thay difference of Longitude, and draw Lines through thoſe 
Pricks, ſo as they make no Aogles, the Lines ſo drawn ſhall be the 
Rumbs required. - 

 TheUſeof the Eighth Rumb is ſomething differen from the reſt. 


For 


The Uſe of the Meridiay Line. O39 
For there being bere no change of Laticode, I have ſet to each Luti” 
rude, the difference of Ln te one degree of diſtance, 
and che diſtance ——— to one degree Loagiude: 
As if ewo places ſhall be 2o Leagues, or one degree diſtantone 
from the other, in the Laticude of 50 gr. the difference of Longitude 
berween them will be 1 gr. 55 parts. But if they differ one degree in 
27 py the diſtance berween them will be only 64 parts, which 
fall ſhort of x3 Leagues, or at the moſt 64 gr. 28 parts, fuch-as tooco 
do make a degree. 


| 6. By the difference of Longitude, Rumb, and ont Latitude, to find the 
other Latitude. | 


 Asif the places given were A, inthe Latitude of 5o gr. C in a-gres- 
ter Lacicude, but unknown, the difference of Longitude 5 gr- 4, andthe 
Rumb the third from the Meridian. | x 

Inthe Chart les A B, DC, Meridians, bedrawn through A and C, 

accordingto the difference of Longitude, one 5 gr. 3 from the other; 
and a Parallel of Laticude through A, croſſing the Meridian C Din 
D: theninA, with A B, make an Angle of the RumbBAE2: fo the 
degrees in the Meridian between D and C, ſhall be found to be 5 g- 
the proper difference of Latitude which was required. Wheretore 1 
proportian. holds for the Seer, | | 


As A Dthe Radius, 

to D Cthe Tangent of the Rumb from the Equator ;- 
So A D the difference of Longitude, 

ro D C the proper difference of Latitude. 


According to this, I take 56 gr. 15 w. for-the Angle of the Rumb 
from the Equator, out of the greater T augent, and make it a Parallel 
Radius. Then I reckon 5. gy. 4 in the Line of Lines from the Center, 
for the difference of Longitude, So the. Parallel taken from the 
terms of this difference, and meaſured inthe Line of Meridians, ſhall - 
reach -" 50 yr. the Lacicude given, to 55: gr. which is the Latitude 
required. 

Or if the Rumb fall nearer to the Meridian, . 


A 


nt The Uſe of the Moridicd Line. 


A4'BC the Tangent of the Rumb from the Meridian, 
is ro A Bethe Radius : 
$6 B Cthedifference of Longitude, 
to A Dihe proper difference of Latitude, 


According to this we may beſt work by Parallel entrance; firſt 
 eake 35 gr. 45 m». for the Angle of the Rumb from the Meridian, our 
of the greacer Tangent, and make it a Parallel Radius ; they take 
5 gr- + forthe difference of Longirude out of the Line of Zines, and 
. Carry is Pacallel © the former, till the feer of the Compaſſes ftay 
in like Points: ſothe Line between the Center and the place of this 
ſtay, being taken and meaſured in the Line of Meridians from 50 gr. 
6, ſhall ſhew the Laticude requiredto be 5 5 gr. 8s in the former 


way. q F 
The like may be found by the Tables of Rumbs,” For in the Table 
of thethird Ramb, ar the Latitude of '50 gy. I find the Longitude of 


38 gr. 69p. Tothis if Iadd 5 g7- 597: or the difference of Longi- 
rude given, the compound Longitude will be 44 gr. 19 p+ and this an- 
{vers co the Latiendbof 59.97 if , 


But if this difference of Latitade were to be found by the com- 
mon Sea-chart, it ſhould ſeem to: be & gy. 13 w. and ſothe ſecond 
'Laticude ſhould be 58 gr. 13 ww, which «above 3 gr.- more than the 
eruth. 


7, By = my Ramb, aud diſtance, to find the difference of Lon- 
gitnde, | 


As if the places given were A inthe Latitude of 50 gr. C ins grea- 
ter Laticude bur unknown, the diſtance upon the Rumb be 6 gr, be- 
tween them, and the Rumb the chird from the Meridian. 

Inthe Chart, lev a Meridian A B, and a Parallel A D, be drawn 
through A, andin A, with A B, makean Angel B A C, for the Rumb 
from the Meridian pron pre according to the Lati- 
eude of theplacesto E F, the quantity of 6gr,-in the Meridian, tranſ- 
ferring them into the Rumb from A to C, and through C draw ano- 
ther Meridian D C, cr the Parallel drawn chrongh A in D, ſo the 
degrees intercepted inthe Parallel from A to D, ſhall hew the diffe- 


[cence of Longiade required to be about 5 gr. 3. Wherefore the pro- 
portion holds tor the Seftor. ao aN 


The Uſe of the Meridian Lines - 2235 * 


As AC the Radius, din: 
isro A D, equalto B C, the Sine of the Ramb from che Meri- 
So A C the proper diſtance upon the Rumd, 
eo A Dche difference of Longitude, 


According to this I rake the Sine of 33 gr. 45 w. for the Angle of 
the Rumb from the Meridian, and make it a Parallel Radius ; then 
keeping the Sefor at this Angle, I take 6 gr. for the diſtance, one 
of the Meridian Line, according to the eſtimated-Laticudes of both 
places, and lay it on both lides of the Sefor from the Center : 
the Parallel taken from the terms of this diſtance, and mezſured in 
the Lines of Lines, ſhall ſhew the difference of Longitude to be abour - 


F. 3. | | 
y this and ſome of che Prop. following, where there is but one Li- 

tirude known, there may be ſometimes an error of a minute or two, , 
in the eſtimation of the proper diſtance, yet it may be rectified at a 
ſecond operation. | 

This Propofirion may alſo be wrought by the Tables of Rumbs, For 
according to the Example, in the Table of the third Rumb, at the La- 
zicude of 50 gr. I find the Longirude of 38 gr. 69 p. and the diſtance - 
of 60 gr. 13 p. tothis I vdd 6 gr. for the Iiflance given; ſo the com- 
pound diſtance will be 66 gr. 13 p. and chis anſwers to the Longitude 
of 4427.19 p. then if I take the one Longitude out of the ocher; the - 
difference will be 5 gr. 50 þp. 55 before. 

Bur if this difference were to be found by the common Sea-chart, ir 
ſhould ſeem to be only 3 gr. 20 w. which is more than 2 gr. leſs than 
the truth, 


8, By one Latitzde, Knmb, and difference of Longitzdes, 80: find the - 
diſtance, 


As if the places given were A, inthe Latitude of 5ogr- Cine grea- 
ter Latitude bur wn. the difference of "þIA0S 7, Wan = 
being 5 gr. }, and the Rumbthe third from the Meridian. 

Ia the Chartlet A B,.D * Meridians be drawn through A and C, 
according tothe difference of Longitude, and a Parallel of Latiude 
through A, croſſing the Meridian DC inD; thegin A, with AB, 
make-an Angle of the Rumb B A C:; ſo tbe Jiltence onthe FR 

rom 


2:56 The Uſe of the Meridizs Line; & 
from A to Cetaken and meaſured in the Meridian, according to the 
eſtimaced Laticude of the places, ſhall be found tobe 6 gr. Wherefore 
the proportion holds for the Seftor. 


As AD, equalto B C,the Sine of the Rumb from the Meridian, 
is to A C the Radius: 

'So A Dthe difference of Longitudes, 
to A Cthe proper diſtance upon che Rumb. 


According to this, Itakethe lateral Radius, and make it 8 Parallel 
Sine of 33 gr. 45 wv. which is bere the Angle of the Rumb from che 
Meridian ; then I reckon 5 gr. + in che Lines of Line: from the Cen- 
ter, for the difference of Longitude: ſo the Parallel caken from the 
terms of this difference, and mesſured in che Line of Meridians, ac- 
cording to the Laticudes of the places, ſhall there ſhew the diſtance 
required to be about G gr. which are 120 Leagues. 

'Or if che Rumb fall nearer tothe Meridian, that che lateral Radi- 
us cannot be fitted over in his Sine, this Prop. muſt be wrought by 
rn entrance, and ſo alſo it gives the ſame diſtance as be- 

—_ 

Or we may find this diſtance by the Table of Rumbs. For in the 
Table of che third Rumb, atthe Latitude of 50 gy. I find the Longi- 
eude of 38 gr: G9 p. andthe diſtanceof 6e gr. 13 p. To this Longi- 
eude here tound, I add 5 gr: 50 p, for the difference of icude 
given : ſo che compound Longitude will be 44 gr. 19 p. and thisan- 

wers £0 the diſtance of 66 gr, 5p. Then if I rakethe one diſtance 
out - the other, the remainder will be 6 gr. 2 p. for the diſtence re- 
uired, 
v But if this diſtance were to be meaſured on the common Ses-chart, 
it ſhould ſeem to be almoſt 10 gy. or at the lesft 197 Leagues, above 
77 Leagues morg than the truth, 


9. Þy ped: 20a diflance, and difference of Longitude, to find the 


As if the places given were A, in the Laticude of 50 gr: Cine gres- 
ter Laricude,but unknown, the difference of Longitude between them 
being 5 gr- 4, andthe diſtance 6 gr: upon the Rumb. 

In the Chary {cr A B, D C, 


eridians, be drawn through A and C, 
an 
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and a Parallel of Latitade through Az then open the Compaſſes ac- 
cording to the Laticudes of che places, to E F the quantity of 6 grg 
iu the Meridian, and ſetting the one foot in A, the other foot hall 
croſs the other Meridianin C : and if we draw the right Line A C, 
the Angle B A C ſhail ſhew the inclination of the Rumb to the Meri- 
dian, to be about 33 gr. 45 w. Wherefore the proportion holds for 
the SefForz | 
As A C the proper diſtance upon the Rumd, 
is co A D che difference of Longitude : 
So A C Radius, 
ew AD, equal ro BC, the Sine of the Rumbfrom the Meridian. 


According tothis, I take the proper diſtance 6 gy. out of che Line 
of Meridians, and lay it on both (ides of the Sefor from che Cen- 
rer ; chen I takethe difference of Longitude 5 gr. 4 out. of the Line 
of Lines, and co it open the Seftor in the terms of the former di- 
Nance: ſo the Parallel Radius caken from between 99 and 90, 2nd 
meaſured in the Sines, doth give about 33 gr. 45 , for the Rumbre- 

uired. 
k Bur if this Rumb were to be found by the common Seas-charr, ir 
ſhould ſeem to beabove 66 gy. and ſo almoſt the (ixth Ramb from che 
Meridian. 


10. By the Longitade and Latitude of two places, to find their diflance 
«pon the Ru mb. 


Letthe Seer be opened in the Lines of Lines unto a right Angle 
(as was ſhewed before (ap. 2. Prop. 7- ) then cake outthe proper dif- 
'ference of Latitudey and lay it on the one Line, and the difference of 
Longitude, and lay it on the other line, ſo as they may both meer in 
the Center,marking how far they extend. Fcr the Lineraken from the 
terms of cheir extenſion, and meaſured in the Meridian, according to 
their Laticudes, ſhall hew the diſtance required. 

So if the places given were A and C, A in the Latitude of 50 gr. 
C in the Laticude of 55 gy. the proper difference of Latitade ſhall be 
the Line A B, and let BC thedifference of Longitude be 5 gr. 3. we 
ſhall find chat A C the diſtance upon the Rumb is about 6 gr. which 
make 120 Leagues: - R 

| or 
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For in the Chart, letan occult Meridian be drawnthrough A, and a 
Parallel of Latitude through C, croffing the former Meridian in B, 
and a right Line for the Rumb, from A to C, ſo have we a ReQangle 
Triangle A B C, whoſe Baſe A C, taken and meaſured in the Meridian 
from E below 50gr.to F, as much above 55 gr.doth containthe quan- 
tity of 6 gy. 

TInthe ſame manner the Seftor being opened to a right Angle, in the 
Lines of Lines; if we take the difference of Laticude out of the Line 
of Meridians, in his proper place from 5o gr, to 55 gr. and place ir 
on one of the ſides from the Center, to reſemble AB, then reckon 
the difference of Longitude on the other Perpendicular Line from 
che Center to 5 gr. 4, inſtead of BC, we ſhall have the like ReQtangle 
Triangle on the Sefor,to that which we had before on the Chart ; and 
if we take out the Baſe of ir, and meaſure it in the Line of Meridians 
from below 5 gr. to as mach above 55 gr. we ſhall find as before, that ir 
containeth about 6 gr, or 120 Leagues. 

Bur if this diſtance were to be meaſured on the common Sea-chart, 
it ſhould ſeem to be almoſt 7 gr, £,or 245 Leagues ; which is 25 leagues 
more than the truth, 


13, Fy the Latitude of two places, and the diſtence npon the Rumb, to 
find the difference of Longitude. - 


Let the Sefor be opened in the Lines of Lixes toa right Angle, then 
rake out the proper difference of Latitudes, and lay it on one of the 
Lines from the Center, then take the Se diſtance with a pair of 
Compaſſes, and ſetting one foot in the terms of ehedifference, turn 
the other foor tothe other Line of the Seftor, and it ſhall there ſhew 
the difference of Longitude required. 

So if the place given were A, inthe Latitude of 50 gr. C inthe La- 
titude of 55 gr. with 6 gy. of diſtance one from another, we ſhall find 
their difterence of Longitude to be abour 5 gr. 4. 

For in the Chart let a Meridian A B be drawn for the one,and A C, 
A D, Parallels of Latitude for them both : Then open the Compaſ- 
ſes according to the Latitude of che places,to E F the quantity of 6 gr. 
in the Meridians, and ſetting one foot in A, having Latitudeof 50 gy. 
eurn the other to the Parallel of 55 gr, and it ſhall chere cut off the 
required difterence of Longitude BC 5 gr, 3. 


% 


, 
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Inthe ſame manner, the Seer being opened to a right Angle, in the 
Lines of Lines : if we take the difference of Longicude our of the Lint 
of Meridians in his proper place from5o gr. unto 55 gr. and place it 
on one of the Lines from che Center; then rake 6 gy. tne diſtance up- 
on the Ramb out of the ſaxie Line of Meridians, according to the La- 
titudes of the places, and ſer.che one foot in the cerm of the tormer 
difference, turning the other foor to the other Perpendicular Line, we 
ſhall find that it will croſs.irsbout g gr.4 from che Center,which is che 
difference of Longitude required. 

Bur if chis difference of Longitude were to be found by the com- 
mon Sea: chart, it would ſeemto be only 3 gr. 20 », which is more 
than 2 gr. 10», leſsthan the truth. a 


I 3. By one Latitnde, diſtance and difference of Longitudes, to find the dif- 
ference of Latitude. 


Let the Sefor be opened in the Line of Lines to a righe Angle, and 
let the difference of Longitude be reckoned in one of choſe Lines 
from the Center ; theo take che proper diſtance with #s pair of 
Compaſſes, and ſetting the one foor in the term of the former dif- 
ference, turn the other foot to the other Line of che Seer, and it 
ſhall thence cut off a Line, equal co the proper difference of Latitude 
required. T {> 
\ Soifthe places given were A and C,A inthe Latitude of 50 gr.C in 
a greater Latitude but unknown, the difference of Longitude berween 
them 5 gr. 4, and the diſtance upon the Rumb 6-gy. or 120 Leagues, 
we ſhall find the difference of Latitdde to be 5 gr. 

For in the Chart, let occult Meridians be drawn through A and C, 
and a Parallel of Zaticude through A, chen open the Compaſſes ac- 
cording to the eſtimated Laticudes of the places to E F the quantity 
of 6 gr. inthe Meridian, and ſetting the one foot in A, turn the other 
tothe Meridian drawn through C, and it ſhall there cut off the Line 
D C, which is the difference of Latitude required. 

In the ſame manner, the SeZoy being opened toa right Anglein 
the Line of Lines, if in the one Line we reckon the difference of 
Longitude from the Center to 5 gr. 5, then taking 6g for the di- 
ſtance ont of the Line of Meridians, according ro the Latitude of the 
places, we ſer the one foot in the term of the given difference, and 
turn he other foot co the other Perpendicular Line, we ſhall gnd that 


| 


— 
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itcurtsa Line fromir, which taken and meaſured in the Line of Meri- 
dians, from $0 gr, on forward, doth ſhew the difference of Laticude 


co be as before 5 yr, | 

Bur if this difference of Zatieude were to be found by the com- 
mon Sea-chart, ic would ſeem to be only 2 gr. 25 m, which is 2 gr. 
35 m.leſs than the cruch. Such is the difference berween both 'theſe 


Charts. 


THE 


THIRD BOOK 


OF THE 


SECHIO Rk; 


Containing the Ule of the particular Lines. 


He Lines of Liner, of Superficies, of Solids, of Sines, with the 

laceral Lines of Tangenrs ano Meridians, whereof I hive here- 
unto ſpoken, 8re thoſe which I principally intended; that lictle 
room 8&n the Sefor which remaineth, may be filted up with och parti- 
cular Lines, as each one ſhallchink convenient for his purpoſe. I have 
made choice of ſuch as I thought mighe be beſt prickr on without hin- 
dring the ſight of che former, viz. Lines of Quadrature, of Segments, 
of Inſcribed bodies, of Equated bodies, and of AMdrtals. 


_—_—— — 


CHAP, I, 
Of the Lines of Quadratures 


Ye Lines of Qu3drature may be known by the letter Q, and by 

cheir place berween che Lines of Sines. Q lignifieth the lide-of 
a Square ; 5 the lide of a Penragon with five equal lides, 6 of a Hexa- 
gon with (ix equal hides, and ſo 7, 8, 9, and 10, Sſiands for the Semi- 
diamerer ofa Circle, and go for a Line equal co 9© gr. in the Circum- 
ference. The uſe of chem may be : 


1. Tomake a ſquare equal to a Circle given : 
2. To makg a Circle equal to a Square given. 


— 
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If the Circle be firſt given, take his Semidiameter; and to it open 
the Se&or in the Points at $: ſo the Parallel taken from between the 
Points at Q, ſhall be the (ide of the Square required, 

If the Square be given,take his (ide, and to it open the Seer, in the 


: So the Parallel taken from between the Points at $, ſhall 


be the Semidiameter of the Circle required. 
Let the Semidiameter of the Circle given be AB, the fide of the 
Square equal unto it ſhall be found to be C D. 


3- To reduce aCircle given, & a Square into an tqual Pentagon, or 
other likg ſided and like angled Figure, 


Take the ſide of the Figure given, and fit it over in his due Points : 


lo 
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fo the Parallels taken frem between the Points of the other Figures, 
ſhall be the'ſides of thoſe Figures : which being made up with Equal 
Angles,ſhall be all equal one to the orber, Y 

Let the Semidiameter of the Circlegiven be A B, the (ide of an 
Hexagon equall to this Circle, fhall by cheſe means be found to be 
GH; andthe ſides of an Otagonreo be I K, Other Planes not here 
ſer down, may firſt be reduced into a Square, by the (ixth Prop. $- 
perf. and then inco a Circle or other of cheſe equal Figures, as be- 
ore, 


4+ To find a right Lint, equal to the Circumference of a Circle,or other 
part thereof. 


Take the Semidiameter of che Circle given, and to it open the Se- 
Air inthe Points atS; ſo the Parallel raken from berweenthe Points at 
90 in this Line, ſhall be the fourth part of the Circumference : which 
being known, the other parts may be found out by the ſecond and 
third Prop. of Lines. 

Thus if the Semidiameter of the Circle given be A B, the right 
Line E F ſhall be found to be the fourth part of the Circumference. 
Therefore the double of E F ſhall be equal to the Circumference of 
180 gy. and the half of E F be the Circumference of 45 gr. and ſoin 
the reſt. 


—— 


CHAP. II, 


of the Lines of Segments, 


He Lines of Segments which are here placed between the Lines 

of Sines and Superficies and are numbred by 5, 6, 7, 8,9, 
10, do repreſent the Diameter of-a Circle, ſo divided into a hundred 
partsas thata right Line draw through theſe parts, Perpendicular to 
the Diameter, ſhall cutthe Circle into ewo Segments,, of which the 
oreater Segment ſhall have char proportion to the whole Circle, as the 
pares cut have ro 100, Theufe of them may be, | 


I, Todivide a Circle giveninto two Segments according to a Proportion 
given, 2. To 
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2. Tofind 4 Proportion between a Circle and bis Segments given. 


Let the Sefor be. opened in the Points of 100 to the Diameter of 
the Circle given: fo a Parallel taken from the Points proportiona» 
= tothe great Segment required, ſhall give the depth of that greater 

egment; 

Or if che Segments be given, 'let the Sefor be opened as before; 
then take the depth of the greater Segment, and carry it Parallel co the 
Diameter : ſo the number of Points wherein they ftay, (hall ſhew the 
proportion to 100, 
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Asifthe Diameter of the Circle given were B L, the depth of che 
greater Se tLO being 75, doth ſhew the proportion of the Seg- 
ment OM LN tothe Circle, to be as 75, to 190 ; vis. three parts of 


tour. 
Hence I might ſhew, if there were any uſe of ir, 


2+ To find the ſide of 4 Square, equal to any known Segment of 4 Circle. 


The (ide of a Square equal to the whole Circle, may be found by the 
former Chap. and then having the proportion of the Segment to the 
Circle, we may diminiſh the Square in ſuch proportion by char which 
hath been ſhewed Lib.r. Cap. 3. Prop. 3. 


CHAP. IL 
Of the Lines of {nferibed Bodzes. 


Tz Lines of Jnſcribed Pedies are bere placed between the Lines of 
Liner,and may be known by the letters D,$,I;C,O,T, of which D 
ſigaikerh the ſide of a Dedecabedyon, I of an 1ſcoſabedron, C of a Cube, 
Oof an Ofabedron, and T of a Tetrahedron, all inſcribed into the ſame 
Sphere, whoſe Semidiamerer is here ſignified by che lerter S. 

The uſe of theſe Lines may be, 


I. The Semidlemnter of a Sphere being given, to find the fides of the froe 
th or in fry Sphere, 

2; The fide of any of the five root. 574g"4-F Cajpan 

y pub: thr Sphere, that will circumſcribe the ſaid Body. 

If the Sphere be firſt given, take his Semidiemeter, and to it open 
the Seffor in the Points at S : if any of the other bodies be firſt given, 
rake che (ide of it, and fir it over in bis due Points : ſo the Parallel ta- 
ken from betweenehe Points of the orher bddies, ſhall be the ſides of 
thoſe bodies, and may be inſcribed into the ſame Sphere. 
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So if the Semidiamerer of the Sphere be A C, the (ide of che Dode- 
eabedron inſcribed ſhall be DE, 


CHAP. Iv, 
Of the Lines of Equated boaies. 


He Lines of Equated bodies, are here placed between the Lines of 

Lines and Solids, nored with theſe letters D,I,C,S, O, T, of which 
D Rands for the (ſide of a Dodesahedyon, I for the lide of an /coſahedron, 
C for the (ide of a Cube, Stor the Diamerer of a Sphere, O for the tide 
of #n Ctahedron, and T for the fide of a Tetrahedron, all equal ong to 
the other. The ufe of theſe Lines may be, 


1. The Diamtter of a Sphere being given, to find the ſides of the five rc» 
gular bodizs, tqual to thet Sphere. © 

2. The fide of any of the five regular bodies being given, to find the Dia- 
meter of a Sphere, and the ſides of the other bodies, equal to the fu 
body given. 


1f rhe Sphere be firſt given, take its Diameter, and to-it open the 
Seftor in the PointsatS: if any of che ocher bodies be firſt given, 
rake the fide Of it, and fic it over in his due Points, ſo the Pa1a'lels ta- 
ken from between the Points of che ocher bodies, (hall be the tides of 
thoſe bodies equal co the firſt body given, ; 40% 
Thus in the laſt Diagram,if che Diamergr of a Sphere given be B C, 
the! lide of the Dodecabedron equal ca this Sphere, would be found co be 
EG. V_ 


s \LCHAD. | V. 
Of the Lines of Metals. 


— —_ 


b Lines of Afetals are here joyned wich thoſe before of Equated 
bedies, and are noted with theſe Charaters, ©, y,H,y,9,0,Vv; 


.of which © ſtands for Gold, 2 for Quickſilver, h tor Lead, Þ tor Sil - 
-ver;” 2 for Copper, & for Iron» and y for Tin. The ule of them is to . 


give 
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give a proportion beween theſe ſeveral Metals, in their magnitude ard 
weight, according to the experiments of Marinw Ghetaldiws, in bis 
book called Promotus eArchimedes, ' 


I. Inlike bodies of ſeveral Metals, and equal weight, having the magni- 
tude of the one, to find the magnitude of the reſt, 


Takethe magnitude given out of the Lines of Solids, and to itopen 
the Sefor in the Points belonging to the Meral given; ſo the Parallels 
taken from betwcen che Points of che other Metals, and meaſured in 
the Lines of Solids, (hall give che magaicude of their bodies. 

Thus, having Cubes or Spheres of equal weight, bur ſeveral Me- 
rals, we ſhall find, that if choſe of Tin contain 10000D, the others of , 
Iron willcontain 9250, thoſe of Copper $222, thoſe of Silvec.71 61, 
thoſe of Lead 6435, thoſe full of Quickfilyer 5493, and thoſe or 
Gold 38gs. Eb | | | 


2, In like bodies of ſeveral Mitals and equal mgnitnde, hewng the 
welght of one, to find the weights of the reſt, 


This Propoſition is the converſe of the former, the proportion noe 
dire, but reciprocal, wherefore having two like bodies, take the gir 
ven weighe of the one out of the Lines of Solids, and eo ir open the 
Seftor in the Points belonging tg the Meral of the other body. « ſorhe 
Parallel taken from the Points belonging co the body given, and mea- 
ſured inthe Lines of Solids, ſhall give che weight of che body required, 

Asif a Cube of Gold weighed 38/1. andit were required co kaow 
the weight of a/Cube of Lead daving equal magnitude. Firlt I rake 
38 /, forthe weight of the golden Cube our of the Lines of Solids, 
' and putit over in the Points of H belonging to Lead : ſo the Parallel 
taken from between the Points of @ ſtanding for Gold, and meaſured 
inthe Lines of Solids, 'doth give the weight of the leaden Cube requi- 
red to be 131. bh m3 

Thus if a Sphere of Gold ſhall weigh 10000, we ſhall find that a 
Sphere of the ſame Diameter full of Quickſilver thall weigh 7143, a 
Sphere of Lead 6053, a Sphere of Silver 5438, a Sphere of Copper 
4737, Sphere of Iron 4210, and a Sphere of Tin 3895+ 
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3 + A body being given of one Metal, to make anotber like unto it of an 
othey, Metal, and equal weight. 


Take out one of the ſides of the body given, and put it over inthe 
Points belonging to his Metal : forthe Parallel taken from between the 
Points belonging to the other mecal, ſhall give the like (ide, for the 
body required. If it beao irregular body, ler the other like ſides be 
found out in the ſame manner, | | 
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Let the body given be a Sphere of Lead containing ia Magnitude 
16 4, whoſe Diameter is A, to which I amto make a Sphere of Iron,of 
equal weight : If Icake our the Diameter A, and pur it over in the 
Points of th belonging to Lead, the Parallel caken from berween the 
Points of &', ſtanding for Iron, ſhall be B, the Diameter of the Iron 
Sphere required. And this compared with the other Diameter, inthe 
Lines of Solids, will be found co be 23 d. in magnitude. , 


4- A bedy being given of one Metal,to make another like unto it of another 
Metal, according to a weight given, 


Firſt, find the ſides of alike body of equal weight, then may we ei- 
ther augment or diminiſh them according to the proportion given, by 
that which we ſhewed before in the ſecond and third Prop. of Solids. 

As if the body given were a Sphere of Lead, whoſe Diameter is A, 
and it were required to find the Diameter of a Sphere of Iron, which 
ſhall weigh three times 8s muck as the Sphere of Lead : Itake A, and 
put it over jnthe Points of 6, his Parallel taken from berween the 
Points. of &, ſhall give me B for the Diameter of an equal Sphere 
of Iron: if this be augmented in ſuch proportion 8s 1 unto 3zit giveth 
C, for the Diameter required. 


CHAP, 


CHAP. VI. 
Of the Lines on the edges of the Seftor. 
Hows ſhewed ſome uſe of the 


ines on the flat ſides of the 
Seftor, there remain only thoſe on 


the edges. And bere one half of the 


outward edge is divided into inches, 
and numbred according to their di- 
ſtance from the ends of the Sefor, 
As in the SeQor of fourteen inches 


long, where we find 1 and 13, it- 


fhewerh char diviſion to be x inch 
from che nearer end,and 33 inches 
from the farther end of the Sefor, 

The other half containeth a Line 
of lefſer Tangents, to which the 
Gnomon is Radius; They are here 
continued to 75 gr. Andif there be 
need to produce them farther, Take 
45 4, our of the number of degrees 
required, and double the remain- 
der: fo the Tangent and Secant of 
this double remainder being added, 
ſhall make upthe Tangent of the 
degrees required, 

As if A Bbeing the Radius,and 
BCthe Tangent Line, it were re- 
quired to find the Tangent of 75. 
gr. If wetake 45 gr. .outof 7597+ 
the remainder. is 30 gr, and the 
double 60 gr-whoſe Tangent is BD, 
and the Secantis A D : if then we 
add A Dro BD, itmaketh BC,the 
Tangent of 75 gy, which was requi- 
red. Inlike ſort, the Secant ot Gt. 
£r. added eq the Tangent of 6T yr. 
giveth . 


H 
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giveth the Tangent of 75 grz 30m. and the Secant of 62 gr. added to 
the Tangent of 62 gr. givech the Tangent of 76 gr, and ſoin the 
reſt, The uſe of this Line may be, 


To obſerve the Altitnle of the San. 


” Holdthe Sellortd as the Tangent B C,may be Vertical,snd the Gno-» 
mon B A, parallel rothe Horizon ; then turn the Gnomon toward the 
Sun, ſo that it may caſt a ſhadow nponthe Tangent, and the end of the 
ſhadow ſhall ſhew the Altitude of the Sun. So if the end of the Gno- 
mon at A, do give a ſhad to H, it fheweth that the Altitude is 38 
gr. 4 if unto D, then 60 gF"Mid ſo in the reſt. 

There is another uſe of this Tangent Line, for the drawing of the 


hour Lines upon an'ordinary Plane, whereof I will ſer down theſe Pro- 
politions, | | 


I. Todray the hour Lines upon an Horizontal Plane. 
2, Todrayw the honr Lines upon a direft Vertical Plane, 


Firſt draw a right Line A C for the Horizon, and the Equator, and 
croſs it at the Point A, about the middle of the Line, wich A B an- 
other right Line, which may ſerve for the Meridian, and the hour of 
12; thentake out 15 gr. our of che Tangents, and prick them down in 
the Equator on both (1des from 12 : ſo the one Point ſhall ſerve for the 
hour of 11, andche other for the hour of 1. Again, take outthe Tan- 
cent of 30gr, and prick it down in the Equator on both (ides from tz : 
ſo che one of theſe Points ſhall ſerve for the hour of 10, and che other 
for rhe hour of 2. In like manner may you prick down the Tangent of 
45 gr- for the hours of 9 and 3, and the Tangent of 60 gr. forthe hours 
ot 8 and 4,and the Tangene of 75 gr. for the. hours of 7 and 5. 

Or if any pleaſe to ſet down che. parts of an hour, he may allow 
7 gr. 39 m. for every balf hour, and.3. gr. 45 m...-for every quarter. 
This done, you are toconlider the Latitude of the-place, and the qua- 
lity of che Plane. So the Secant of the Eaticude. ſhall be the Semidia- 
meter in# Vertical Plane, and the Secant of che Complement of che 
Latitude in an Horizontal Plane. I ; | 

For exam'e, about Londongthe Laticude is 51.gr, 30m, andiletche. 
Plane be Vercical. If you take A V,, the Secanc ot 5 gr; 30 1, ur of 
che Seer, and prick ic down in the Meridian Line from:A to V; the 

F W Poing 


a. 
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' Point V ſhal be the Center : and if you draw righe Lines from V un- 


eo 17, and 10, and thereſtof the hour Points, they ſhall be the hour 
Lines required. | | 

But if the Plane be Horizontal, then you are to take ont AH the 
Seczht of 38 '7r. 30 w, for the Semidiameter, and prick it down in the 
Meridian Line from A unto H; ſo the right Lines drawn from the 
Center H untothe hour Points, ſhall be the hour Lines required ; on- 
ly the bour of 6 is wanting, and that muſt always be drawn Parallel co 
the Equator, through the Center V in a Vertical, through che Cen- 
ter H, in an Horizontal Plane. 

This being done, if -you ſet the Lines A H, H V, to a right Angle 
(HAV) the righe Line H V the Baſeof this Triangle ſhall be the 
Axis of the ſtyle tor either Plane, 


3. To draw the hinr Lines on 4 Polay Plane, 
4. Todran the bour Lines on-a Meridian Plane. 


Tna Polar Plane the Equator may be alſo the. ſame with the Horizon- 
ral Live, and che Hour Points may be pricked 0n as before, but the hour 
Lines muſt be drawn Parallel cothe Meridian. 

In the Meridian Plane, the Equatot will cut the Iorizontal Line 
with an Angle aw tothe Complement of the Laticude of the place; 
then may you make choice of the Point A, and there croſs the Equator 
with a right Line, which may ſerve for the hour of 6 : ſo the Tangene 
of 15 gr: being pricked down in the Equator on both ſides from 6,ſhall 
ſerve for the hoursof 5 and 7; andebe T t of 30 gr. for the hours 
of 8 and 4, and che Tangent of 4.5 gr. for the hqurs ot 3ardg; and 
the Tangent of 60 gr. for the hours of 2 and 10; and the Tangent of 
75 g7- forthe hours of 1 and x1. And if you draw right Lines through 
rhele hour Points, croffing the Equator at right Angles, they ſhall be 
che bour Line required. Y 

The Subſtilar wit! be he ſame with the bour of 12 in the Polar 
Place, and with the hour of 6 inthe Meridian Plane : the Axes of the 
ſtile may be Parallel co che Subſtilar in either Plane according co the 
diſtance of the third hour from the Subſtilir. 


5. Todray the bonr Liner dn a Vertical Declining Plane, 


Firit, draw A V the Meridian, and A E the Horizontal Line, 
| crofling 
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creibeg. cus the odier as t Angles in the point A. 
2, mke oat A V,the the Latitude of che which. 


Dd Yi. 


wy fy to be 51. gr. 30, and prick it down in the Meridian 
19% +5 yn, ona 


3-Becauſe it is a declining Plane, and you "I ſuppoſe itts Ho 


—_— 


154 The Uſe of the leſſer Tangent: 

4.0 gr. Eaſtward, you are to wake 80 Acgle of the Declinstion upon 
the Center A, below the Horizontal Line, 8nd to the left hand of the 
Meridian Line, becauſe the declination is Eaſtward, for otherwiſe is 
thould have been co the right hand, if che Declioacion had been Weſt- 
ward, 

4. Take A H, the Secant of the Cemplement of the Latitude oue of 
the Sector, and prick it down inthe Line of Declination from A unto 
H, as you did before for the Semidiameter in the Horizontal Plane. 

5. Draw « Line at full lengeh chrough che Point A, which muſt be 
Perpendicular unto A H, and cut the Horizontal Line according tothe 
Angles of Declination, and it will be-as the Equator in the Horizon» 
tal Plane. | ah 

Ge Take the hour Points out of the Tangent Line in the Sefor. and 
prick them down in this Equator on both (ides from the hour of 12 
at A. L 
7. Lay your Ruler, and draw right Line; through the Center H,and 
each of theſe hour Points : ſo have you all the hour Lines of an Hori- 
zontal Plane, only the hour of 6 is wanting, and that may be drawn 
through H Perpendicular to H A. | 

Laſtly, you are to obſerve and mark the Interſetions, which theſe 
hours lines do make wich A Eche Horizontal Line of the Planes and 
then if you draw right Lines through che Center V, and each of theſe 
InterfeRions, they ſhall be the hour Lines required. | 

TheELine H F draw up tothe Horizon, and Parallel to the Meridian, 
will give the Subſtilar V F: The Line FG drawn Perpendicular to- 
V F, and equal to F H, will give V G, the Axis of the ſtile, 


6. To prick down the hinr Points another way. 


hah drawn a right Line for the Equator as before, and made- 
choice of the Point A, for the hour of 12 : you may at pleaſure cut 
off ewo equal Lines A 1©, and A 2. Then upon the diſtance beeween 
10and 2, make an Equilateral Triangle, and you ſhall have B for che 
Center of your Equaror, and the Line A B ſhall givethe diſtance from 
A to 9, and from A to 3. That done, take cout the diftance between 9 
and 3, and this ſhall give the diſtance from. B unto 8, and from B 
unto 4;, pain, from4rorr,and from 8 unto t, andalfo from 8 ro 7. 
So have you the hour Points, and if you rake our the diſtance B 1,B 2, 
By, &c. You may find che Paints not only for. the half honrs, bur alfo 
for the quarters, © | But 
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©  Butif it ſo fall our, ther ſome of theſe hour Points fall out of your 
Plane, you may belp your ſelf by che lagger Tangent, both inthe Ver- 
tical, and H Planes, 

For if at the bour Points of.3 and 9,inthe Scheme of the Horizontal 
and Vertical Dials, you draw occult Lines Parallel co the Meridian 
the diſtances D C bgween the hour Line of 6, and the bour Points of 
3 and 9, will be equal to the Semidiameter A V ina Vertical, and A H 
ine Horizontal Plane, and if they be divided in ſuch ſort as the Line 
A C is divided, you ſhall have che Poines of 4, and 5, and 7, and 8, wich 
their balfs and quarters, | s 5 

As in the Horizontal Plane, take out the Semidiameter A H, and 
make it a Pardllel Radius by ficting it over in the Sines of go and go: 
Then take 1 5 gr. outof the larger Tangent and lay thern on the Lines 
of Sines, where they will reach from' the Center unto the Sines of 
I5 gr. 32 w. therefore take out the Parallel Sine of 1 5 gr. 32 9, and it 
ſhall give the diſtance from 6 unto 5, and from 6 unto 7, inyour Ho- 
rizontal Plane. That done, take out 3O gy. outof the larger Tangent, 
and lay them on the Sines, from the Center nnto the Sines of 3 gr. 
16 ww. and the Parallel Sine of 35 gr. 16». ſhall give youthe ditance 
trom 6 unto 4, and fram 6 uno 8, in your Horizontal Plane. The like 
may be done for the half hours and quarrcers. 

' So alſo inthe Vertical declining Plane. If you firſt take ourthe Se- 
cant of the declination of the Plane, and prick it down in the Hori- 
zontal Line from A unto E, and chrough E draw right Lines Parallel 
co the Meridien, which will cutthe former hour Lines of 3 and 9, or 
one of them in the Point C; then take out the Semidiamerer A V, and 
and ptick it down in theſe Parallels from C unto D, and draw right 
Lines from A unto C, and from V unto D, the Line V D ſhall bethe 
hour of 6, andif you divide theſe Lines ACand DC, in ſuch ſort as 
vou divided the like Line D Cin the Horizontal Plane, you ſhall bave 
all the hour Points required. * 

Or you may find the Point D, in the hour of 6, without knowledge 
either of Hor C. For havingprickr down A V in the Meridian Line, 
and A E inthe Horizontal Line, and drawn Parallels to the Meridian 
chrough the Points at E,you may take the Tangent of the Laticude our 
of the SeRor, and fit it over inthe Sinesof go and go: ſothe Parallel 
Sine of the Declination meaſured inthe ſame Tangent Line, ſhall there 
ſhewthe Complement of the Angle D V A, which the hour Line of 6 


maketh with the Meridian; then having the Point D, cake out the Se 
X 2 midiameter- 
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midiameter V A, and prick it down in thoſe Parallels from D'anto C.; 
fo ſhall you have the Lines DT and A Co be divided as before. 

The like might be uſed for the hour Lines upon alf other Planes. But - 
I mvft not wrire aff chat may be done by the Setor, It may fiffice char 
I have wrote ſomerhing of the Uſe of each Line, and chereby given the 
magenuous Reader occaſion cothink of more. « 


The Concluſion to the Reader. 


 [&- well known to many of you, that thi Seftor was thms contrived, the 
moſt part of this Biok_ mritten in Katine, many Copies tranſcribed. and 
difperſtd more than ſixtten years finct, I am at the laſt contented to give way 
that it come forth in Engliſh. Not that I think it worthy either g wy labowr, 
or the publick vicw, but partly to 9 ' their importunity, who net under- 
Panding the Latine, yet were at the charge to buy the Inſtrument, and partly 
for my own eaſe. For 4s it is painful for ethers tatranſcribe my Copy, ſa it « 
troubleſome for me to give ſatiafaltion berein to.all that defire it, If 1 find 
2bu to give you content, it ſhall Incanrage me te do the like for muy Croſ= 
ſtaff, and ſome other Puſtrumerits. In the mean time bear with the Printers 
fanitr, and ſo Ireſt, pee} | 
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CHAP. L 
Of the Seftoy in general. 


by 


Mongſt the: many Writers that-have - been upon the 
Sector, Mr. Genter bach done belt, the Lines of his In- 
ftrument being moſt in number, ar.d of the molt for- 
mal contrivance, and molt: largely Commented upon : 
yer ſome Inconveniences have been found in the Ufe of 

thac loitrument's Partly becauſe his Lines of Tangents, Secants, and 

Rumbs, or Meridional parts come not from the Center, and ſo could 

not in all caſes with convenience admit of proportional Works; and 


partly becauſe be had no Line of verſed Sines, ( of which in his Book. 


there is good Uſe, and might have been much more ) but inſtead 
thereof he is compelled to ule the Line of right Sines, which is bue 
halt of the whole Scaleot verſed Sines, and belides the parts of it ftand 


the contrary way, ſo that the fitting of the proportional cerms where»- 


by to work with balfe the Scale inſtead of the whole, and then the 
application of the parts. from one end to the ocher, .will be nor a little 
troubleſome. | 


. 
. 


To , 


| 
| 
| 


4 


To remedy theſe and other like defets, I have altered the form of 

the SeQor once More. CHE - q: 
4. By Sininidhing the aumber”of che old Sceler, for infleed of 

© evo of exchikind,tereieburone. | 

Z 2. By caking the Meridian Line quite awsy ; and ſupplying the Uſe 

* thereof by other means. 

3. By bringing the Scales of Tengents and Secants to the Center. 

4. By addingaLineof che Verſed Sines, and ſome other Scales of 


= - i860 


B's» 


good uſe, 
5. And by chang ip the foum of working ypon the Jafkrument :-of 
all which chings I ſhall give anaccountin this Wllowing Treati& : bur 


firſt ic will be requifite to deforibe cle order and<difpoktion of the 
Lines, how e«ch of them is to be placed, 


—— 


— 


CHAP, II. - 
How the ſeveral Lines are difpeſed upon the Setter. 


Hereas in 6tber SeQors itheve are always itwo Lines of one 
kind, upon each Leg one, anſwering to the like Scale upon the 
other Leg, in this there is but one Line of one kind, from whence it 
comes to paſs, that one fide or lar of this Setor holdsiall the'Sc 
chat are drawn from the Center, and do fill up both Gdes of rhe other, 
and by this means the other (ide is free for other Scales. 
Upon one Leg therefore of the firſt fide are : | 
I.'A Line of equal parts. A IOTeD 
2.A Line of Solids, and between theſe ewo Scales and the edge, 
there are inſerted two particular Scales more. Namely, . 
3. Of Inſcribed bodies. ; 
4 Of Equared bodies,with a Scale of Metals. So again, upon the 
other Leg, there ere: 
$5. The Lines of Siner. | 
6. The Lines of Superficies, and berween them'two Scales and the 
edgeare inſcribed ewoother particular Scales a5, 
7. The Line of Quadreture. And, 
8. Se ts, Alltheſe Scales are drawn from the Center, and be- 
ing meaſured fromchence, are all of one length : and do lie at ſuch 


Angles 


_ 
et 
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Angles one fromanother, end-to the edges of the Seftor, will give 
them convenient diſtance, $o that this ane (ide of the Inſtrument doth 
now contsin ſo many Lines of Scales, coming from che Centers as were 
before on both lidee. | 

Upon the ſecond (ide of the Sefor are four Scales, two upon one 
Leg, and ewo upan the other. As namely upon one Leg, 

9. Verſed Sines, with a Zodiack Line annexed to ir. 

10. A Line of Tangent going ap to 63, gr. 26 mw. 

11. A Lineof Secants ghirig up'toS4gr.) 

12. A Line of Chords going up to go gr, 

Ai theſe ore drown. from the Cencers and all of ove Jengrh wich 
thoſe on the other (ide of the Inſtrumene. The Radius of the Verſed 
Fines, a, 6 Seca Lines are jult baif of che whole inſcribed 
Lines, and ſo will be of very good ule inthe working of proportions, 
and ia che projeRing of the Sphere very.commodiaue - - 

. Thedeſcri of gach Scale. mey be made by thoſe Tables, and in 
that manoerthet Meg. Ganter hath direfted, 

Beeween theſe four Scales may be placed other Scales of good uſe, 
ezoding cowards ( thongh notrunaing upts ) the Cencer,us a Tangent 
of chree hours of govd uſe in Dialling, and other the like Lines. 


"Of the other Line: inſcribed on the edges and ſpere places of tha Seltor. 


If the Seftor be made of wood, it will require ſome comperent 
thickneſs, fo chat the edges will be large enough to receive ſome uſe- 
ful Scales alſo, 

The Setor-chen being opened, and ſo made a Greight Rular ; the 
outer edge hath inſcribed upon it chexhree uſuel Scales of Logarichme- 
ticall Numbers, Sines and Tangents. The inner edge hath xwo Scales 
upon each Leg, one pair of thoſe Scales upon one Leg,is to find the 
meen Diameter, «nd one of them is divided into 14 £q”"al parts, the 
other ( of rhe ſame lengeh with it ) is divided into 30 equal parts, each 
of them ſubdivided decimally, The other pair of Scales upon the 
other Leg is alſo divided equally, one of them containing four parts, 
which are to repreſent feet, and the other being of che ſame length 
is divided into 400 parts, repreſenting Inches of the | former 
Feet, and each of cheſs repreſentative, both feet and inches are ſub» 
divided decimally, And again, upon che ewo flat edges of tbe 
Seor thus opened ( near theoier edge ) are inſcribed ewo peculiar | 
Scales (upon oneedge) of equal parttor — 2p «od Ale "ms 

pon 
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Uponthe other flat ſide are two Scales mere, each equal to the orber, 
both of « juſt foor in length 3 one is divided into 1g inches, and each 
inch ſudivided Decimally, the other is divided. into 10 cqual parts,and 
exc" of rhem again into 10. Theſe ewo Scales ſerve for crue inch and 
true foot meaſure. 

In this manner are the Lines diſpoſed, now follows, 


| — 


CHAP, III. 
The general uſe of the Settor ,and the manner of working upon it 


Yi Wm works that are performed upon the other Setor when it is 
ſur, are alſo performed by this, and in the very ſame manner. 
But the chief uſe of the Seor is, 'by having three terms given ro 
find a fourth proportional ehatthe fourth may be to the third-as the ſe- 
cond is to the firſt. And if the ſecond and third terms fall outro be 
the ſame, then tbe proportion is called continus), becauſe the ſecond 
rerc is twice ted, and ſo the next term continued in the ſame pro- 
portion to it, that'the ſecond was to che firſt. Bug if the ſecond and 
' third terms be different, then is the proportion called diſcontinua!, 
becauſe thee proportion that is berweenthe firſt and rhe ſecond, though 
ir be made good again between the third and the fourth, yer ir dif- 
continued berween the ſecond and the third terms. Now becauſe this 
- * kind is moſt frequent, and the former may be referred to this, ( if the 
ſecond term being ewice repeated, be taken as two, namely, as the ſe- 
cond and third :) I will ſhew in general | 


How by three term: given in any kind, to find a fourth. 


Firſt, Diſpoſe che three terms given ſo, as that when they are of 
divers kinds, che firſt and the third may be of one kind, and the ſecond 
and fourth of another, though this diſpoſition be nor always neceſſa- 
ry, yet for che working upon the Setor it will for the moft part be 
convenien”. 

When che terms are ſo ordered there will chree things hence fol- 
low. The firſt will be co know upon what Scale the Work will be pgr- 
formed, when the terms are not all of one kind, the other ewo will be 
Rules and Dire&ions in what manner to work. 

. Firſt; Therefore you muſt refer each of the two firſt terms rg ics 


* proper 
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proper Scale, then comparing the fecond term with the firſt, ſeewhict 
of themis | : For upon that Scale to which the longeſt of the 
ewo terms h, muſt the whole work be pereiped. Thea the 
ewo Rules for the manner of. working are theſe. 

1. If the ſecond term be leſs than the firſt, you muſt then count the 
firſt and che third terms (being both of one kind ) laterally upon cheir 
proper Scale, andthe ſecond term being taken out of his proper Scale, 
and put over parallelly inthe term of the firſt, ſhall open the Leg of 
the Sefor ſo, as the fourth term may be taken parallelly over from the 
term of the third:and being ſoaken,it muſt be meaſured upon the Scale 
from whence the ſecond term was taken, and ſo it ſhall receive its jult 
value. | 

2, But if che ſecond term be greater than the firſt; you muſt chen 
count tbe ſecoad laterally, and in theterm of it pur over the firſt pa- 
rallelly, each being taken in his proper Scale, and this work ſhall 
open the Legs of che SeQor ſo, as chat the third cerm being raken our 
of the ſame Scale with the firſt, and entred parallelly, fhall tay in 
that point of the Scale on which che ſecond term was counted, and will 
giverthe quantity of the fourth term required. 


The manner of working then is gener al according to theſe twoRulerwilhe thu ; 


Inthe firſt caſe; where the ſecond term is leſs than thefirſt, let A D 
be the firſt term, B G the ſecond, and A Bthe third. | W, 
Count A D the firſt term, upon his proper Scale, then with your 

Compaſſes take the ſecond term, W_* 


which 'we ſuppoſe to be DG, ' D— —A 
and ſetting one foot of that ex- G———D 
centin D, the end of the firſt, Jo — 


turn the other foot abour, and 
open or ſhut the Sefor, till the 
foor being turned about in the 
Ark EG, do only touck ſome 
one Line in the other Leg of the 
Sefor, neither going beyond it, 
nor ſhort of ir, as here it doth 
at G, ſo is the Seor opened to a 
true Angle for chis Work. 


- 
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Again, upon the ſame Scale A D, whereonhe firſt term was nug- 
bred, count the third eefm AB, and laſtly from B, rhe exrretnicy 
thereof, rake the teaft diſtance ro the Scale A G; as here is expreffed 
by BF. So ſhall B F be the letgrh of the fourth rerta, this Line BF 
therefore being meaſared upon the ſame Scale from whence the ſe- 
cond rerm D Gwas taken, ſhall give the quantity of the fourth cerm 
required. 
"De if AB had been the firſt term, 'and B F the {econd, then che 
Sefor maſt have been opened by putting over BF frcm the cterm B 
( riſl rhe Ark or Motion of the foot of the Compaſſes, E F, had on- 
ly conched the Line A F.) And when the Legs of che SeRor are ſo ope- 
ned, count A D the third term upon the ſame Scale whereon tbe firſt 
rerm A B was Counted, and from the extremity of it,, at D, take tbe 
leaft diftance from the ſame Leg AF, which here will be D G, fo 
ſhall D G (being meaſured upon the ſathe Scale of the ſecond term ) 
giveche quantity of the fourth term required, | 
Inthe fecond caſe, when the ſecond term is greater than the firſt. 
__ D G be the firſt, 8nd A D che ſecond, B Fehechird, take the 
firſt cerm DG, out of bis proper Scale, and count A D the ſecond 
in die proper Feats theo from D the extremity of che ſecond term, 
open the Ser, making DG ( when it is turnedabout in EG ) oaly 
to ;0uch any one Scale inthe of the Seor, 3s A G, when 
the Sefor is thus opened, take B F the third ter, 0ut of the ſame 
Scale from whence the fil term D G was taken ( which is his pro- 
per Scale ) and keeping one foot of the extent always upoa the Lice 
A D, remove it toor fromthe Center A, till. ic in ſom py of 
the Line A D, ſoasthe other foot ww ry pm eArkEF, 
may juſtly couch the Line A G, upoa the other Leg, when you 
bave ſo fitted ir exaRtly, obſerve the Point in A D, in which the foo 
of the Compaſs reſteth, which ſuppoſe ta be the Point B. So ſhall A B 
give che quanticy of the fourth cerm required. : 
Or if B F had been the firſt, A B the ſecond, 8nd D G thethird, 
then muſt the firſt B F, taken our of its proper Scale, bave been ſet 
upon B the extremity of the ſecond AB, and by irthe Line AFG 
muſt have been opened, and this being done, che third rerm D G be- 
ig taken from the ſame Scale ( from whence the firſt term B F was 
eaken ) and fittedintill one foot of it ſtanding npor the Scale A B, the 
other being turned about in the Ark EG, will only touch the Line 
A Fin G, ſo ſhall the Point D, wherein then it ſtands, give the quan- 
ricx of AD the fourth &rm required. This 
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This may ſerve for a general view of the manner of working upon 
cheſe ſingle Scales, and how dps poo b of a kind | may ſerve to perform any 
te in this Seor, as bave-done formerly in other 
SeRors, 

As alſo here may. be feea rhe mammer of Lacgral and Parallel en- 
trance, and finding knowa and unknown quantities: It may likewiſe 
be here known what is meant by theſe Phraſes. 

1. Opening the Sefor to any Line, length, or diſtance, namely, eo 
open or ſhut any two Scales upon ſeveral Legs of the SeQor, till one 
foot of that hengeb being ſet in ſore Point of che Scale;/ the 'other 
fooe when it is turned abonr; ma _ only touch theorher Scale; ſos not 
x: 4 By __ Li _ it ly, from 

2; ( any Line, by or diftance, namely, from ſome 
_ one of” rhe no opened Soles take the lexft fromthe orher 

3. Potri any fon or diftence, namely, to carry'one foot of a 
ak nr. hom hora upon one Scale ( fram or towards the 
Cencer) tillthe other being tarned abour, may juſtly touch the ocher 
Ren Theſe terms are ufed to avoid needleſs circumlocution. 

farther alſo be obſerved, char thivwey of working is more 
pee than _ upon other Saftorn, avby +lide proftice wil quick- 
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CHAP. IV, 
Examples in ſeveral kinds, 
I, Three aumber: 52, 39, 44: being given, to find « [ourth proportional, 


blis is eager the Line of equ sl parts, and becauſe the firſt 
number is greater chan the ond therefore 1 count-the firſt 
number 52, upon the Liae of equal parts, and from the flame Line 1 
takethe ſecond term 39, and ſet it upon 52, and turning the other 
foot abouc, I open the other Leg of the SeQor, till the ſame foot do 
juſtly couch ſome one Line on the other leg of the Seor which iflueeh 
from che Center,neicher going beyond fr, nor falling ſhort of it;ſo are 
thoſe two Scales opened ficly to perform the nork,  thes I count the 
chird term of 44 upon the faid Line of Lines, and from the end ofir 
eo the ſame Scale on the other Leg, I cake che leaſt diſtance, this be- 
ing meaſured inthe Scale of Lines, giveth 18 for che fourth term; fo 
that as 52 is £0 39, 10. 44t0 33... 
Bur if che given numbers bad ſtood thus, As 24 to 52, ſo 18: eo 
what ? Here becauſe the ſecond number 'is greater-than the firſt, I 


- take 24 out of the Line of Lines, . «nd-ſerone foot of itin 2,.counted 


uponthe ſameLine, | pb rc wry the other Leg of the Seor, 


tllibepiber Lenet ths Str ee wary tro ſome one Line 
Te Sedo hs opens which jſuerh f Ne When 
the Seor is t 1 take the third number 18, qus. of the 


Line of Lines, and onpl wins one-foot always upon the Line of Lines, 
I remove it ſo. long till os other foot being turned about, will oply 
eouch the former Ling on. the ocher Leg; Then ſhall] find it ro ſtay 
upon wer Lineof Lines, at;be number Ts: whictO-ohe fourth. pro- 
ona 
Pocket ſame manger all pr; rtiondin numbers may be wrought by 
the Linesof Solids and Superficies. But if you bad three Lines given, 
and were to find a fourth proportional Line, you muſt then work upon 
the Line of Lines only. 


2. Three 


f 
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2. Thru Sines being given, to find a fourth proportional Sine, 


"= is to be wrought upon' the Line of Sines only, Let the Sines 
given be 90, 30, and'23'4 ; here becauſe the firſt cerm is greater ; 
therefore I muſt work bytbe firſt Rule; and ſo the fourth cerm being 
raken and meaſured upon the Line of Sines, will be the Sine of 11 4 gy, 
required. ; 

if the Sines were of 36, 92,18 gr,. then work by the ſecond 
Rule, becauſe the ſecond rerty is gretter than the firſt, fo ſhll your 
Compaſſes ſtand at the laſt of your work, at the Sine of 30 gr. Or 
- becauſeullche four cerms are of one kind, you may change the places 
of the ſecond and third, thusz 36, 18, 7 25 and ſo working according- 
ly by the firſt Rule ( becanſethe firftrerm is greater than the ſecond ) 
you ſhall find the fourth proportional Sineto be 30 gr. as before. 


Io thi cane yin ieaft wah when al the our ternet ave of | one kind, and 
ſo wronght upon one Scale alone. But if the term be of ſeveral ſorts, 
then muſt two of the four teymer be taken From ont Scale, and two from 


another, As in the examples following will appear. 
3. At the Sine of 60 gr. « tothe nunuber 35, ſothe Sine of 48 to what 
number ? » ak 


third and fourth, are counted upon ſeveral Scales, as here che firft 
ond third are taken upon the Scale of Sines, and the ſecond and fourth 
are coken upon the Scale of equal parts :) You muſt firſt crie which is 
greateſt of the firft or ſecond terms. As here take the ſecond term 
35, outof the Scale of equal parts, and meaſure ir uponthe firſt cerm 
of the Sine of 60. Now ſe the Sine of 6&iz greater, cherefore 
the lateral work muſt be done upon the Scale of Sines, and the (e- 
cond and fourth rerms muſt be raken in your Compaſſes from the Scale 
of equal parts, which is cheir proper Scale ; wherefore in this ex- 
ample cake 35 our of the Scale of equal parts, and with one foot of 
that lengeh ſer in the Sine of 60, open the other Leg till char extent . 
will juſt touch ſome one Line en the other Leg of the SeAor which 
iffaerh from the Center, the Sefor being ſo opened, take fromehe 
Sine of 48 the leaſt diſtance, to the former Line on the othet Teg, 


this 


| Þ> ſolutions of chis kind ( becauſe the firſt 8nd ſecond, and alfo the 


88 Av. Saaarel Foſter ks 
this diſtance meaſured upon the Scale of equal parts, ſhall give 30 the 
number py ery ef #4. GO grot0 35, apes C 
Bur if jt had been 8 the Sine 60 is to the number 90; {oche Sine of 
4810. wha? Here if you meaſure tha rumber 90 with the Sie of 60, 
you ſhall ind che number g9@ 19 be abe longeſt extent, So. that naw the 
lateral work muſt be'vpon che Line vf:Lines4 I rake cherefore the Sine 
of 69, out of the Sines, and ſetting one foot of chat extent upon the 
the number go in the equal parts, with che other foot tarned abour, 
I open he other Legg. cull [-ſee: che (ame ayenly to.couch ſome.one 
Lize 0n:rbe otber Leg of. the Sector, which iluech from che Center, 


(} 9227 '0 
- Natethet 


9 v1? 3 104% d 1184 9+? 36 Se? aS0)fo 7 
what Line ſeever [ begin to work mith, 1 anuft be ſure almay: ts 
continue and end with the fame, but that Line on the other Ley, nhiah 

liath next the inner edge of the Seffor, us 8lmay; nueſt convenient, 
4:21 234 4% C2 9G 02008 16mm og HoNnEl 267 Brit inf wi, 
Then «gain I take the Sine of 48,and keeping one foot of that extent 
cantinually, he Lie of Lines, -1 renove. aheſfone:cil Lfind che 
otber foot juſtly ro4euctt the farmer Line on the acher Leg-z,and then 
1] ſce:cbe ber faorrotey upon the Line af Lines onahe umber 77 +2 

which is rhe gumbey. ſought, .. \. Foraltirrs | * 


.. \oþe M1the Sine of\60, th to thi Tangent of 5 \Sothe & FO bv the 
wy tre y- 1 4k? f _— _— | 


-TIrſt, to know. upan what. Line to: work, 1 take oe; 
'& $5 gr- #td ſet it cothe Sine of 60.gr. and becauſe | ſee the Sinept 
60 to de tlie gremteny ] knowthatthe work muſtbedone upon the Line 
of Sines. »And by the fielt Rule accoridingly checefore I cake the Tan- 
gent of 54:4». and fromthe Sine of 66 1 opea tberS6Ror to. ſome one 
Line on: the other Leg of the Setor, which ifſuerh from the Cencer 
anding HORema | then I take tbe leaſt diſtance from rhe Sine 
of 50 tothe farmer Line on che orher Leg, nad mecſuring ic upon-che 
Tongedted ay ir-eq. reach eo the Tangent of 31 4, which is he Tan- 
wt 1; the- ters were as the Sine of 40 isto the Taogent of 55.90. 
 ſoistheSinxof 50 to whac? Then meaſuring the Tangent of x5 gy. 
vpenthe Line of. Sines, and finding the fitlt term 40 to be heder, 1 
ſec cher che wark muſt be done upon the Line of Tangents : Where- 
lors I:4ke the firſt term the Sine of 40, nnd fetcing one fant of that 
p19 extent 


— 
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extent upon the Tangent of 55. by curning the other foot of the Com- 
paſſes, I open the other Leg of che Seftor, till rhe other foot do juſt» 
ly couch ſome one Line on che other Leg of the Setor, which iflueth 
from the Center ; then I cake the ſecond term, the Sine of 50 gr: and 
ſetting one foot of that extent upon the Scale of Tangents uncill the 
other foot being turned abour, will juftly couch the tormer Line 6n 
the other Leg: I find the Compaſſes to ſtay upon the Tangent of 
59 4 gr- which is the Tangent required. 

The like may be done upon the Sines and Secancs, or Tangents or 
Secants, when any ſuch queſtion ſhall berequired. And tbe like may 
be done/in Tangents and Numbers, or equal paxts, by the Joyne uſe 
of theſe ewo Scales, which is frequent in Menſurations of uprighr 
buildings, 


5. Having three members; to find 4 fourth in duplicated proportion. 


His work is performed by the two Scales of Superficies and Lines 

joynely uſed. Lerthe example be as 22 to 24 3 ſo 64 to what num- 
ber in a duplicated proportion ? Here the two firſt rerms are of one 
kind, and the ewo latter will therefore be of one kind. Wherefore 
to know upon what Scaleco work, it- will be beſt to change the places 
of the ſecond and third = thae fo the firſt and ehird may be of one. 
kind, as alſo the ſecond and fourth. Thus as 32 to 64, {o 24 to what? 
Now in this diſpoſition of cerms you muſt firſt meaſure 32 ( taken our 
of the equal parts.) upon the Line of Superficies, and ſo doing you 
' ſhall find ic fall far ſhort of the number 64, the ſecond term; there- 
fore it is evident the work muſt be done upon the Line of Superficies, 
ſo that Irake 32 from the Line of equal parts, and purting one foor 
of chat extent upon 64 in the Line of Superficies ; I chereby open the 
Seor to ſome one Line on the other leg of the Setor, which ifueth, 
from the Center. Then again, Imakecthe third number 24. out of the 
Line of Lines, and enter it Parallelly berweea rhe Superficies and the; 
former Line on the other Leg ( 'n che manner that hath beenſhewed, 
before) and I find it co ſtay at 36 in the Line of Superficies : "4 
Iconclude, 4s 33 to 64, ſo 64.to 36 in duplicated proportion. That 
is, ſo is the ſquare of 64 ( namely 8) to che ſquare roox of 36 ( namely 


6)ia a limple proportion, 


Z | 6. Ha- 


.2 
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6. Having to numbers, to find a menn proportional. 


His is performed by the joynt uſe of Superficies and Lines z Ler 
& che Numbers given'be 20 afid 45. Firſt, Icount the firſt number 
20 upon the Line of Superficies, then I cake the ſarne number 20 our 
of. the. Line of Lines, with this Jefpch I open the SeRor from che 
Point 20 in the Lineof Superficies,to ſoie one Line onthe other Leg, 
which ifſuech from che Center 3 afterwards I count 45 the ocher gi- 
ven number upon che fame Line of Superficies ; and from chence 
rake over the leaſt diſtance to the former Line on the other Lep, this 
meaſured upon the Line of Lines, gives '36 for « mean proportional 
between 20 and 45. | 


be | 

7. Having three Numbers given, whereof the two firft are ſuppoſed tobe 

ina duplicated proportion, how jo find a fourth, unto which the third 

ſhall be in the ſimple of the former ; that is, Ar the ſynare 
root of the firſt to the [quart tot of the ſecond. 


His is likewiſe to be performed by the joyat help of the Lines of 
T5. ficies and equal pares, Let che Nainbers be, as 25 to 16, (o 
40o what ? Thy oe firſt terms are to be counted upon the Line of 
Soperficies, becauſe berwveen them the duplicared proportion is contai- 
ned ; and che orher two muſt be taken upon tbe Line of Lines, becauſe 
berwcen them is che ſimple proportion contained. And to know upon 
- whit Line to work, 1 order the terms fo, as the firſt #nd ehird may be 
of one kind, thus, #s 25 t640, fo 16 to whit? Nowbeciuſe 25 upon 
the Line of Soperficies( if two upon that Line be taken for 20 s we 
do here take ir) is grearer than 40 upon che Lineof Lines, Hherefore 
the1zter#l work muſt be done upon the Line of Superficies. So thar 
I rake 40 var of che Line of Lines, and put over that-fengrh from 25 
in che Line of Superficies unto the Line of Lines upot che other Leg 
of 'the Setor. And the Sefor being fo opened, I count whe third 
Number 'r6 upon the Line of Superficies, and rake over from chence 
ro the fare Line of Lines. This fength 1 meefore wpon the Live of 
Lites (froth whence the ſecond Term ws taken ) und itreacherh wo 3 2, 
So thac as 25 to 16, ſuppoſed ro be in a duplicared proportionone to 
the other, ſo 'is 40 to 32.in the (imple proportion, whereof chat other 


is duplicated. 
8, Having 
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$. Having three Nambers, tofiad « fourth is « Triplicatid propertion. 


is work ist0 be done upon the ewo Scales of equal parts and So- 

lids joyntly taken rogether. Let an example be, As55 to 88, fo 
135 to what ina triplicated proportion? Here the firſt ewo terms are 
of one kind, and ſo the two latter are alſo. Therefore ( as before } 
change the places of the ſecond and third thus; AsFF5 is co 125, ſois 
$8 co what ? The terms then being thus diſpoſed, you muſt meaſure 55 
(taken ourof the Line of equal parts) upen 125 counted in the Line 
of Solids, and you ſhall find itof greater length chan 125, whereby 
it is evident, ebat the work muſt be done upon the Line of equal parts: 
rnmpoay —fye ge waa take 125 gut of the Line of Solids, and fet- 
ting one foot of that extent upon the Number 55 counted in the Line 
of Lines, with che ocher turned about you mult open the Line of 
Sines upoa the ather Leg of the SeQor,as the manner is. Which done, 
ſet one foot of your Compaſs upon 88 in the Line of Lines, and from 
thence take che leaſt diſtance from the Line of Sines : This diſtance 
_ meaſured upon the Line of Solids, fheweth 51 2, ſo chat, as 55 
ro 88 ſois 125 to 512 in atriplicated proportion. That is, As Fx is to 
$8, lo isthe Cubicroot of 125 ( namely 5 ) tothe Cubic root of 513 
( namely 8) ina limple proportion; | 


g. How to fiad two mean proportional: between tuo Numbers given. 


a the Line of Solids and equal parts joyned in 
' 4 nſe together ;Yec che ewo extremes or given Numbers be 5 12,and 
216, between whic eare required wo mean jonals. Firſt 
from the Line of Lines I cake 518, and with that extent I open the 
Point 512 (accounted in the Line of Solids ) I rake over the leaſt di- 
ſtance of the Line of Sines, and meaſuring the ſame upon the Scale of 
equal parts, Ifind it to make 384, This laſt length 3841 rake again, 
and put ir over from 512 is dhe Lite of Solids tothe Lineof Sines. And 
then I rake in length from 216 again ( counted inthe Line of Solids 
unto that ſame Line of Sines ; and meaſuring this length upon the Line 
of equal parts,I find it to reach 288,which is the ſecond mean - 
tional, ſothat I conclude, 85513 is to 384, ſo 334 to 288, and fo 2$8 
wo. 216, 


'Þ His is done 


Z2 10, Re: 
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10, Having three Numbers given, whereof the two "gf are ſmppoſed to be 
in a triplicate proportion, how to find a four, unto which the third 
ſhall be in a fimple proportion, that ts, as the Citbic root of the firſt 


ts the Cubic rot of the ſecond. 


His is to be performed by joynt uſe of Solids and equal parts. 

Suppoſe the three Numbers given to be 704, 297,98: andletir 
required to find a fourth Number, : unto which 98 ſhall bear char (im- 
ple proportion whereof 704 to 297 is the triplicated-or Cubical pro- 
portion. Firſt, that I may know upon what Line che lateral work is co 
be performed, I alterthe order of the ſecond and third terms, chus, 
704, 98, 297 : and in this order I compare the firſt and ſecond terms 
roperher ; that is, I take 704 our of the Line of Solids which ( in 
this work ) is the proper Scale of ir, and meaſure it upon the Line 
of Lines, which is the proper Scale of the ſecond Number 98; and 
thereby I find thar g9$ is the longer, whereby it appears ( by the for- 
mer direQions ) thatthe Laceral work is to be done upon the Line of 
Line. Wherefore accordingly I take 704 out of the Line of Solids 
and ſer one foot of that extent upon 98, counted ( as the ſecond 
term | upon che Line of Lines, and from it I open the Line of Sines 
vponthe other Leg ofche Seftor. And when the SeRor is thus opened, 
I rake the third term ( 297 ) out of the Line of Solids again, and pur 
the ſame over till ic fic from be Line of Lines to the Line of Sines ; (0 
at laſt I find one foot ro ſtay upon the foot 73 4 in the Line of Lines. 
Whence I: conclude, that as 704 is to 297, ſuppoſed to be ina tri- 
plicated proportion one to the other; Sois 9Bco 73 4, which ewo 
Numbers do comprehend che fundsmental and ſimple preportion; 
whereof that other is che rriplicated. 
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CHAP. V. .. 
| Of the Scale of Chords, 


ye the Scale of Sines'will perform all the nſesof the Lines of 
Chords, if every Sine be counted by the double number ( as 
Mr. G#nter hath ſhewed ) yet becauſe miſtakes are ealily made by thar 
| gumergtion g 
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numeration; therefote ir wil! be more convenient to uſe the Chords 
themſelves, The aſesare chiefly, 


7. To find #ny Chord, or to ſet off any Ark or Angle, upon a Cir- 
cle, whoſe Radius is given. - 


2. Having a Radias and any Chord or Ark aſſigned, tofind the Ark 
which che aſſigned Chord ſubtendetb. 


3» By having any Chord affigned, to find the Radins according to 
which the aſſigned Chord. is co be eſtimated, 


r. The Line of Chords ts numbred up to 90, and will therefore ſet off or 
meaſ ure any Ark within go gr, But if the Ark. le mare, it muſt ds 
it at twice or more times. | 


Ee the Radius A D-be given, and let the Circle D ABE be de-- 
ſcribed with ic ; andlet ir be required to ſer off 79 gr. fram the: 
Point AeFirſt therefore the Setor mult be opened to the Radius D A, 
ſercing one foot of that extent upon Go in the Line of Chords, and 
opening the other Leg till che Compaſſes being turned about, do only. 
touch ſome one Line on the 
other Leg of the Setor, which B- 
ifuech from the Center : Then: ; 
from 7g upon the Line of 
Chords, take the leaſt diſtanceto 
the former Line on the other- © 
Leg, the ſame beiag ſer upon the 
Circle from A towards Bz AB 
will be an Ark of 99 gr. and 
A DB.an Angle ot 79 gr. 
Suppoſe again that upsn the- 
{ame Circle I ſhould ſer off r39 . 


* 


- 
.* 
4, %. 
TT. abs + I, A 
= 
- 


gr. becauſe this exceeds 90 therefore IT divide it into two lefſer Ar- 
ches ; namely 79 and 60: Firſt therefore I ſet off from A'to B 79, 
and then from Bro E 60gr, more ; which together do make up 1 39gr- 
and ſo: thoſe Arks- that are greater, may: be ſer off arthree orfour 
e1mes, ?k 


2. Having 
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2. Having the Radius D A, and the (bud AB <figntd, I would hnw 
fo obs number of degrees that ( herd anſwereth. ; 
[| Therefore open the Line of Chords, as before, to the Radius A D, 
and then eocer the Chord B A between the Scale of Chords and ſome 
one Line on the other Leg of ehe Seftor, which iCueth from the Cen- 
rer ; and 1 find itto ſtay upon 79 degrees : So that AB is a Chord of 
79 degrees, being referred to the Radius D A. But if I had the large 
Chord A Eto the fame Radius D A, and would know to what Ark it 
belongeth ; I muſt firſt deſcribe the Circle with the Radius D A, and 
then inſcribe the Chord AE into the Circle ; afterwards I dividethe 
Ark A E into any two parts, as at B, then take the Chord AB, and en- 
ter ir upon the Scale of Chords { che SeQtor being ſet to the Radius 
AD) and find it to ſubtend 79 gr. Again, I rake B Eand dothe ſame 
thing with that Chord, and find it to anſwer to 60 gr. Then laſtly 1 
add 79 to 60, thefum is 139 z which givgs the whole Ark AE anſwe- 
ring co the Chord A E,fo if A E had relation co the greater Ark A H E, 
then you muſt work as here you did by the Ark A BE, and when that 
is found ro be 139 take it out of a whole Circle, or 360, ſo ſhall you 
find che greater Ark A HEto be 231 gr, 


'3. Les A Ble the Chordof 79 gr. given, and the Redinu to which it is 
eftimated to be ſuch a Chord required. 


JD Ecavuſe the number of degrees is lefs then 90, therefore the work 

will be ealie. Forif A Bhe t over in 79 in the Line of Chords, 
then ſhall 60 in the ſame Line ( rightly eaken over )) give tbe Radius 
AD required. 

But if the Chord A Ewere given, and counted as ſubtending the 
139 gr. then it will not be ſoealie, for if the Line of Chords be uſed, 
there will be need of proeraftion, The better way therefore will be 
to do it upon the Line of Sines, chus, Toke half the Chord A B,name» 
ly,'A F, and count that «5 the Sine of half 139 gr. that is, 69 4 gr- ſo 
putting over this lengeh A F in the Sine of 69 4 gr. you may from 90 
rake off the Radins required. | 

Note har if itÞe required to open any two Lines of the Seftor to 
any number of gy. leſs chan go, or if when the Lines be openeg) it be 
regaired to know at what Apgle they ſtand. Then it will be the beſt 
way 
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way to uſe the Scale of Sines in this manner. Becauſe every Line hath 
berefore if you take any Sine our 
of the Scale of Sines, without the forementioned doubling of the 
Numbers ; #nd from the extremity of one Line, do eater cher Sine 
according to the leaſt diſtance from the other Liney; chen Gall thoſe 


a Point at the very extremity of ir, « 


ewo Lines ftand at the Angle required. 

Or if from the extremity of one Line, veu take the leaſt diBance 
of the other, the ſame meaſured upon the Line of Sines, ſhews the 
Angle at which rheſerwo Lines ſtand.' Or for moiſt of the Lines, if ir 


be needful, you may vfe the way thet Mr. Guater ſhews, Lb. 2. c, 2. 


PropeJ. Art.8. 
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CHAP. VI, 
Of- the Tangents and Secants, 


Le m—_ —_I_ 


Efides other uſes of theſe two Scales, they ſerve for ProjefRtions; . 


nd for Dialling to any bigneſs greater or ſmaller, ( of which ſee 
Mr. Gunter: Book, concerning ProjeRions of the Sphere, and of Dial- 


to thele ewo Propolitions tend. 


1. Having any Line given, as @ anon Tangent, or Secaut : To find the « 


Radius belonging to it. 


Q Uppoſe I would know to what Radius any given Line ſhould repre- - 


ſent a Tangenr of 40 gy, Itakethe Line given, and ſer one foot of 

it in 404 inthe Scale of Tangents : And frem i I open che Seftor to. 
ſome one Line on the ether Leg which ifſuerh from the Center, ac- 
cording to the leaſt diſtance, from the T of 45 (which 
is equal ro the Radius ) T take the leaſt diſtance #0 che former Line on 
che other Leg, and char length is the Radius required. - 

The ſame work is ro be done by the Secants, where the Radius is un» - 
deritood ro be at rhe beginning of the Scale. . 


2: Hi an” 4 : 


LI_ 


ling by the SeRor,and other ways by a doubleTangent of 45.) Hereun- - 


= EE Ee eee eee tree nh. 
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2. Heving the Radins, to find any T angent or Secant belonging thereto: | 


His iseaGie and like the former, if firſ-the SeQor be opened t0 
the Radius, &c- 


COROLL ART. 


By theſe two Propofitions a way may be found, how by having a Tangent, to 
fivd any Secent, or Sine belonging to the ſame Radins. 


Or firſt, yon muſt find the Radius, and then the Secant,or Sine af- 
rerwards. 'So alſo by having the Secant, may be found the Sine or 
Tangent, or having a Sine, a Tangent or Secant may be found, 

And ſoto a Radius of atly length, you may proportion any Sine, 
Tangent, or Secant. And note, that for pricking cown the hour Points 
in Dials, the Tangentsof- 15, 39, 45, and 60,.will be of frequent uſe. 
And if the Tangent or Secant Scales be not far enough extended, 
Mr. Gznter bath given rules bow toenlarge them. 


IE IOO_ 


CH AP. VIL 


How to ſupply the Meridian Line or Line of Rumbs, by the Scale 
of Secants. = 


I. Aow to make 4 Sea-Chart, after Mercators ProjeAtion. 


þ hb Propolizion is the chief, that the Meridian Line upon the 
Seor doth, concerning Navigation, and therefore Mr: Gunter 
makes it bis firſt Propoſition. Andthis is performed by the Line of Se- 
cants. For if it were required to 'project fuch a Chart as is in his Book. 
Having drawn his Line A B,and crolled it with the Parallels go and $0, 
at right Angles, you muſt chen rake the Secaot of 51 gr. from the Seftcr 
opened to the length you delire, according to the leaſt diſtance, (the 
manner whereof hath been ſhewed enough already, }) and ſet from 50 
co F1, on both (ides of rhe Chart, and draw $1 and 51: "Again, take 
the Secant of 52, fromthe Seftor, and ſer it upon the Chart from 51 

co 
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to 53, and ſo drawthe Parallel 52, 52. And thus you may draw all 
thereſt of the Parallels. Then for the diviſions or Meridians of the 
Line B C, they are all equal co the Radius, if therefore you rake the 
Radius, and turn it above and below, you ſhall make che ſpaces or di- 
ances. of the Meridians, ſuch as in the bottom of his Chart are figured 
with 1, 2, 3, 4, 5, 0» 


Theſe degrees thus ſer on, may be ſubdivided into equal perts, | 


which inthe graduations above and below aught ſo tobe, bur inthe 
duation upon the ſides of the Charc,they ought as chey grow higher, 
{till co grow _ Yer the difference is ſo ſmall, that it cannos 
produce an enlible errour chough the diviſions be 8ll equal. Divide 
them therefore equally inro 60 minutes, or Engliſh miles, or into 20 
Leagves, or into 100 parts of degrees, as ſhall beſt be liked of, 

If alittle more Curiolity ſhould be ſtood upon for the praduations 
of the Meridian, theo inſtead of the Secants, 51, $2, 53. you 
may cake 504,51 4,52 3, always half a gr, leſs than the Laticude char 
isrco be put in. 


2. The uſes of the Sea-Chart, and ſave other Propoſitions that concern 
Navigation, are ſet down by Mr. Gunter lib.2. cap. 6. of bu 
SeRor, which may be here alſo done. 


Tz manner of working upon the Chart ( which is the beſt way ) 
bis direRions will ſhew, and how to work them upon this Seor, 
the former direRions in this Treatiſe will be ſufficient, So by this 
means the uſe of the Meridian Line is fully ſupplied, becauſe each De- 
gret may be very large, which in che other Seor could not be ſs 
Wi part many times repeated, which ching will produce as 
much erronr as this way by the Secants can do. 
P 


A— 


CHAP. VIIL 
The uſes of the Line of Verſed Sines.' 


—_ 


He Uſe of ir is generally as much as the fourth Axiom 'of Sphert- 
cal Trigonametrie, Wherefors,I will firlt hew bow the tyo caſes of 
that Axiom maybeperformed by this Line. And afterwards how ſome 


particular Problems of —— be performed. | 
1317 .L 3 


I, 
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' 1. Having two fldes of 4 Spherical Triangle, aud the eAugle compre» 
hended, ts find the Baſe. 


| Tabs find the ſum and difference of the two fides or Legs, then 
count that ſum and difference upon the verſed Scate,end with your 
Compaſſes, cakecheir diſtance, with chis diſtance from the end of the 
verſed Line, open the SeQor to ſome one Line on the other Leg,which 
iffaech from the Center afrerwards upon the verſed Line, count the 
Angle given, and ſetting one foot in that number, take the leaſt diftsnce 
from it ro the former Line on the other Leg, this length being added 
ro the difference of the Legs upon the verſed Scale, gives the Baſe 
required. 

So if the Legs were 38 gr. 30 w.and oy gy. their ſum would be 133 
gr. 30 m, their difference would be 5G gy. 30 w. And now the diſtance 
of theſe beingtaken, and che SeQor opened as is preſcribed, ſuppoſe 
the Vertical Angle were 75 gr. frem7s5, therefore cake the leaſt di- 
Nance, co the former Line on the other Leg, and ſer that diſtance on 
the verſed Scale from the former difference 56 gr. 30m. oumbred 
thereon, it will fall upon 84 gr. 42 ». which is che quantity of the Baſe 
of che Triangle. | 


An Example. | 
T wo pl«ces differing both in Longitude and Latitude, to find their Difance. 


Ee the ewo places be London and Hieraſalew, the Lacitnde of Lox« 
den is 51 gr. 30m. the Laticude of Hieruſalew is 32 gr. the diffe= 
rence of Longitude 47 gy. theiy diſtance is required, 


The ſum of the Complement of the two Latiudes is 96 g7.—30 ve 
Their difference nM, CAHY I9—30, 


Take the diſtance beeween + 30 #9, and 19 gr- 30 1, with this 
extent of the Compalles, open the Seftor from che end of the verſed 
Scale; the Sector thus reſting, take the neareſt diſtance from 
the difference of Longitude 47 gr. this diſtance being _—_—— 
19 gr. 30 ww, on the verſed Scale, will reach to 79 gr--14m. the diſt 


- 


required.” 


. 
% 
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alteration of the Seffar. 179 
To Hakg the three fides of any Spherical Triangle to find the Vertical 
Angie. 


Hat Angle that is required, is called the Vertical Anglez The (ide 
- oppoſed to ic.is called che Baſe; and the other two fides are called 
Le 
I, Find the ſum and difference of the two Legs, then count both the 
ſum and difference upenthe Scale of verſed Sines,and with this diſtance 
taken in your Compaſſes, from the furtheſt end of the verſed Scale, 
open the Seor to ſome Line on the other Leg, which ifſuech from the 
Center, asthe manner hath been. Afterward rake the diſtance from 
the forenamed difference of the Legs to the Baſe, counted upon the 
ſame Scale, chis diſtance is to be applied to the two Scales before open- 
ed, and now appointed for the work, ſo as that the Compaſs foot be 
remoyed upon the verſed Line, till the other being turned about may 
Juſt couch the former Line on the other Leg, and where the foot of rhe 
Compaſs ( with this c@ndition ) ſhall ſtay upon tbe verſed Line, there 
ſhall you ſee the quantity of the Vertical Angle required. Or if after 
the Seor be opened, you take the diſtance, not from the difference, 
but from the ſum of the Legs to the Baſe,. chat diſtance will find the 
Supplement of the Vettical Angle, which in ſome caſes is moſt re- 
quired. 

Soif thetwo Legs were 38 + gr. and gg w.che Baſe $4 gr. 42m, the 
Vertical Angle will be found ro be7y gr. Or the Supplement will 
be found to be 105 Degrees. 

Theſe ewo Propolitions _——— propounded, do ( in brief) 
ſet forth ewo of che principal uſes of this Scale of Verſed Sines. And 
_ theſe = I will add one more, which is done without opening the 

eQor atall. 


3. Having « propertion to be wrought in Sines alone, whertin the Radius 
leads js the propertion, bow to find a fourth proportional Sine upon 
this Verſed Scale. 


" Ake the ſum and difference of the ſecond and third Arks ; count 
them ypon the Scale and take the difference of them; it you ſer 
this diſtance equally remote from 90 upon the Scale on both (ides of it, 
you fall ſee both he feet of che Compaſſes to ſtay upon the fourth 

Aa 2 proportional 
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proportional Sine require. Suppoſe tbe p: oporcion to ſtand thus, As 
che Radius, to the Sine of 60-gr. (o the Sine of 40-gy. to what Sine? 
The ſum and difference of the rwo given Arks, 60 and 40 gre 100 and 
20. I take the diſtance of theſe two counted vpn the Scale, and ſer 
it equally diftancon borh fides from go, and 1 find iro (ay in 33 2 
trom 90. Wherefore 1 conclude that as the Radius is in proportion to 
the Sine of Gogr. fo the Sine of 40 gr. to the Sine of 33 { gr. 


eAs for the former general Problems, that their wſefulueſi may be more 
manifeſt, will here add three Propoſitions deduced from thens, 
which are of daily uſt, and by ether general Inſtruments perforned with 
much difficulty. ' 


The firſt ſhall be, T's get the Suns Azimnth. 

The ſecond; To find the hour of the day. 

The third, To find the Suns Altitude at any bown, 
The firſt of theſe is, 


3. Having the Latitude of the place, the degree of the Swn inthe Zo- 
diac,and the Swns Altitude above the Horizon, to find the Sun: Azis 
mth either from the North, or from the Sonth. 


Pens ehis Propofition is ſo very uſefutin many particulars, there- 
fore principally is the Zodiac Line annexed to this verſed Scale, 
and therefore alfodoT fer it inthe firſt place. 

' This falls under the fecond general caſe delivered before ; The ewo 
Legs of the Triangle are the Complement of the Latitude, 8nd Com- 
plemenrt of the Suns Altitude. The Baſe is the Suns place in the Zo- 
dic, taken fromthe beginning of the Line. The Vertical Angle in 
thefe Northern Latieudes, is the Azimuch from che Norch. 

Take the Sum-and difference of the Complement of the Latitude, 
and the Complement of the Suns Altitude, and count this ſum and dif- 
terende upon the verſed Scate, and with your Compafles take their di- 
tance, with- that diſtance open the Seor to ſome one Line on the 
other Leg, which ifſueth from the Center, from che end of the ver- 
ſed Line. Afterwards take the diſtance from the aforenamed difference, 

| co 


3 
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ro the Suns place, and enter it berween rhe former Line onthe other 
Leg,and the verſed Scale, and nore the Point of the verſed Scale on 
which che foot of the Compaſs ſtays, the ſame Point thews the Azi- 
mutt from the North, Or-when: be Seor-is opened; rake" theAi- 
ſtance fromthe ſum, co the Suns place,the ſame encre 85 belare, will 
give the Azimuth from the South. Nore that it- the ſum do exceed 
180:gr. then you are to account 170 as I90, 160 as 200, 150 wy 
210, fc "33 p SLA S 


Ri Example. 
N che Laticude F1 gr. 30 mw. The Sun being in the begining of Ta«- 
rw, andthe Altitude 35 gr. The Complement of the Latititude is 

38+ gr. The Complement of che Altirudeis 55 gr. The ſum of theſe 

ewo is 93 gr, 30 ms. theirdifference is 16 gr. 30 mw, Iteakethe diftanee 
of theſe two counted upon the verſed Scale, and with it. do open the 

Seftor to ſome one Line 0n the other Lep which ifſuerth from the Cet» 

rer; fromthe end of the verſed Scale : then I take the diftance from 

the ſum, 9; 4 gy. to the Suns place 00 Tawm, and enter it vponthe 
verſed Scale, totheformer Line on the other Leg, and find the foor 
of the Compaſs to ſtay at-60. gr. 42m. which is the Azimuth re- 
quired, 


COROLLARN 


The ſame things given, Ts find the Amplitade of ' the rifing and ſetting 
of the Sun. 9:4 ai 7 | | 


F you ſuppoſe the Sun co have no Altitude above the Horizon, and 

ſo the Complement of it to be go, and. then work by the former 
nrecept, the firſt way ſhews the Amplitude from the North, and che 
ſecond way ſhews the Amplitude fromthe South... And if either of 
theſe two numbers- be numbred from the middle of the Line voted 
with 90, you ſhall have the Amplitude from the Eaſt or Weft, Soto 
the beginning of Ta»r«e,1 ſhall find the Amplicude co be 108 gr. 41 
fromthe South: 73 gr. 19 ww. fromthe North : and 18 gr. 41 ».ſrom 
the Eaſt or Weſt. | 


A fe- 
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A ſecond Example is, 


The Latitudes of two places, and their diſtance begn , bo find their 
——_— Logltmde, eat 


-Et the two places be Zondon and Hirraſalem, the Laticnde of Zan* 
den 51 gr. 30 m,0f Hiernſalem 32 gr. their diſtance 39 gr, 14m. 
and their difference of Longitude required. 


The ſum of the Complements of the two Latitudes, 96 gr,—30 Y 
Their difference - | I9——30 


Take the diſtance between this ſum and difference, and open the 
Sector fromthe end of the Verſed Scale, then take rhe diſtance from 
the difference 19 gr. 30 m. to the diſtance piven, vis, 39 gr. 14». 
where thar firs over from che Verſed Scale, which will be at 47 gr. is 
_ thedifferenceof Longitude required, The nextthing is, 


Having the Latitade, the Suns plate in the Zotiac, and the Altitude 
above the Horizon , to find the buxr from the South. 


f alſo falls under the ſecond general caſe before delivered. 

The two Legs of the Triangle, arethe Complement of the La- 

ticude, and the Suns diſtance from the elevated Pole : the Baſe is the 

Complement of the Suns Altitude above the Horizon ; the Vertical 

Aagie in theſe Northern Latitudes is tbe bour from the South, or 
id-day. 

Firft, Count-the number of gr. from the beginning of the Scaleto 
che Suns place, this number compere with the Complement of the 
Laticude, and find che ſum and difference of them. Then upon the 
Verfed Scale caunt this ſum and difference, and take the diſtance of 
them, and with that diſtance open'the Seor, as is preſcribed in the 
former Propoſition. Then take the diſtance of the Complement of 
the Suns Alticude, and the afore-named difference, and entring it 
upon the Verſed Scale from ſome one Lige on the other Leg, which 
iſſueth from the Center, you ſhall find ic to ſtay upon a number of 
degrees, which turned into time, gives the hour required. One hour 
enſwerst0 15 gr, one degree makes four minutes of time. Note _ 
alſo, 
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alſo, thatif che ſum do riſe to above 180 gy. you are then to #ccoun® 
170 a8 190, 160 #8 200, 150 a5 210, as was before intimated, 

Example, From the beginning of the Scale to. 00 & is 784 py, this 
T compare with 38 + gr. and I find the ſumof them robe 117 gy, and 
the difference to be 40 gr. then 1 count theſe rwo numbers upon the 
Verfed Scsle, and takecheir diſtance ; with this diflance, I open the 
Seor from the erd of the Verſed Scale, to ſome one Line on the 
other Leg. Again, 1 eakethe lengeh from 40 gy, (the fore-named 
difference ) to 55 gr. the Complement of the Altitude ( which I ſup- 
poſe to be the ſame that was in the former example ) and this lengrh [ 
enter upon the Verſed Scale, from the former Line on the other Leg, 
and find the foot of the Compaſies to ſtay in 46 gr. 48 mw. This Ark 
comains 3 hours and 7 + #». of an bour, and ſo mucit is ehe bour ar char 
time from noon. Ifthe Altitude therefore were obſerved in the morn- 
ing, ir niuft be 53 ». paſt $ of the cloek ; if inthe after«noon,ir is 7 wp, 
paſt 3 a clock. ef 3% 

Or if I had taken the length from the fore-named ſam 117 gy. to 
55 gr. the Complement of the Altitude, and had entered the lengeh, 
as before, I ſhould then have found the Supplement of the former, 
rame!y,133 gr, 12m. which ivthe hour from mid-night, namely,eighe 
hours and 53m; which is the hour of we day, if the Sans Aiticuee - 
were tzken'in the marning, or elſe the Complement of char hour to 
+2, namely, 3 hours 7 minutes, is the hour of the day, if che obſerys- - 


tion were made inthe afternoon. 
___ _J, Corollary. | | 
To find the Semvidiurnal and Seminellurnali Abks. on 


CSE 


= 


F yon ſuppoſe the Altirude tg be eo, andſo theComplemenitof it to 
Þ« 90, and then work by this Precepr; you ſhall find the Semidivr- 
nal Ark fremibe deginning of the: Liney and tbe SeminoRurnal Ark . 
from the end of the'Line, numbered in degrees, | and each of thoſe 
. enened into hours and minures,ant doubled, will hewabe lengrhofthe 


day and night. | 
' Andif tromthe of the Semidiurnal Ark, you take 90;you 
Gali have the Aſce difference in degrees; or if you rake (ix - 
hours ont of the Semidiurnal hours, you ſhall have the fame Aſcenſi- - 
onal difference in time.” png 
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light ends 1 3 9.gy. -40 aw. after-noon, or at 
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Example. Tn the ſame Laticude, and the 00 gr. of 5, the Semidi» 
urnal Arkwill be 104 gr. 49.w. Theſe doubled, make the length of the 
day 209 gr. 33a. Or the ſame turned into bours, make 6 hours 59 
minutes, and chefe doubled, make the lengrh of rhe day-13 hours 
58 4 minutes. The SeminoRurnal Ark is 75 g7- 11 1. Or 4 hours 0 4 
minutes. Theſe doubled, make-the length of che night 250 gr. 22 wv. 
or 10 hours 1 $ minutes of an hour. * _ 

| The Aſcenlional difference is 14 gr. 59 w. or 00 hours 594 of an 
urs | 


: \ 2.COROLL ART. 
To find the moment of time, when the Crepuſculum begins and ends. 


| þ you ſuppoſerhe Sun ta be 18 gr. below;the Horizon, and ſo take 
from che former difference of che Legs,down to 105, and enter 
engl» as: beforey you ſhall find what' time from the mid-day the two 
rwy-lighcs beginand end, ſ; do 
Example. In the beginning of Tawrw, the morning ewy-light be- 
gins 139 gr, 40 aw. before noon, chat is 9 hours..18.3 minutes, or at 
41 * mioures paſt two «clock inthe mornings. and che ogy 

18 z paſt nine. aclock.at 
night, F.2d} 29 ate): 
3, COROLLARY. 


T he Sun place being affigned in avy Point of the Zodiac, to find bis 4l- 


| Problem falls under the firſt general Caſe before delivered. 
The ewo Legs of the Triangle are che Complement. of the Lati- 
diſtance froai the Elevated Pole... The Angle in- 
rercepted between chem is each hour from the Sopth;, mboſe Alticudes 
__ required; - The Baſe is the Complement. of the. Akitude ſought 
or. «Ab 
Firſt, Find the ſum and difference of the Complement of. the Lati- 
tade, and the Suns diſtance from the elevaced Pole, coun both this: 
ſug and difference upon the Verſed Scale, ond. take tbe diltance 4 
chem, &d open the Sefor to ſome one Line onthe other Leg, ods 
i 
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ifueth from the Center : to ther diſtance, from the end of the verſed 
Scale. Then count every hour uponthe verſed Scale ( allowing 15 gy. 
to an hour) and from thoſe hour-points rake the leait diſtance to che 
former Line on the other Legztheſe diſtances being ſer from the afore- 
named difference of the Legs ourword upon the verſed Scale, will 
give the Complement of the Alticudes to each ſeyerzl hour from the 
Meridian. Or if they be numbered from go in the Scale, ro the foor 
of the Compaſſes neareſt to 1g0 upon the Scale, you ſhall have the 
Alcirudesrhemſelves. 

Note, that if you go quite through every fifteenth degree; or every 
of the twelve hours upon the Scale, you ſhall go beyond 90, and thoſe 
degrees beyond 90 are the profundities of the night-hours, che Sun 
being in chat degree of the Zodiac, And they are alſo Alticuades of 
the hours for the Suns being in the oppolite degree of the Zodiac. So 
chat one opening of the Sector will ſerve to fad the Altitades of all 
the hours in any rwo oppoſite Signs or Poinrs in the Zodiac, Nore 
alſo, thot the difference of the Legs is the Complement of the Suns 
Alcicude at 12 a clock art noon, and che ſum of them being diminiſhed 
by go'gy./is the depth at mid-night or the mid-day Altitude of the 
Sun, when he is in the oppoſite Sign or degree. 

Note laſtly, ( «+ formerly ) that if the ſurn of the two Legs do 
amoune to above 180, you muſt then count 170 for 190, 160 for 200, 
150 for 210, &c. as was noted before. | 


| Becauſe this Propofion # ſo frequent in uſe for the making of Tablet of 
x7 os Mtitmde is every Sign, or any Parallel of Decdinathon,wbich 
ſerve for drawing particular inſtrumeital Dials, as Quadrants, 
Rings, and Cylinders, and for all-other* purpoſes alſo, 1 will therefore 
aid one example at large, t make it the more plain. 


Example. Inour Latitude 51 gr. 30 w. theSunbeing 00 Tawrw, I 
would know the Suns Alcitudes ar every hobr'of the day, and the pro- 
fundiries of the Sun at every hour in the nighe; The Complement of 
the Latitade is 38 gr. 3o wv. and the Sans diſtance from the North 
Pole is 78 gr. 30 wv. the ſum of theſe is 117 gr. the difference of chem 
is 40 gr. Firſt eben, I count theſe two numbers up6i the verſed Scale, 
and take cheir diſtance, with this diſtance Iopen the Seftor to ſome 
one Line on the other Leg, which iflueth fromthe Center, from the 
end of che Verſed Scale, Then I mn; 4 upon the verſed Scale, 

X and 


p 
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and from thence 1 take the leaſt diſtance, to the former. Line on the 
other Leg. One foor of this diſtance I ſer upon the difference of the 
Legs ( which wes.40 degrees. ) The other I ſet forward upon the ver- 
ſed Scole, and where it falls, it hews.41 gy. 48 #s, the. Complement of 
the Suns Altitude ac 11 and 7 a clock, or couaring it from. 93, it ſhews 
48 gr. 12 m.che Alcieude it ſelfat 11 and 1 a clack.. 

So again, I count 30 upon the verſed Scale, and take the leaſt di- 
ſtance co che former Line on the other Leg, and ſer one foot upon the 
d:FFerence of the Legs ( viz. 40, gr. ) the other-forwards upon the 
verfed Sca'e. I find itr9 tallupong6 gr. 48», which is the Comple- 
mentof che Surs Altitude at 10-ang-2 a clock ; or counting ig from ge, 
it fa'ls upan 43 gr. 12 ww. the Altitude itſelf, at 10 and 2aclock, or 
from 92 gr. it talls upon 43 gr. 12 mn. the Altitude ig ſelf, 

In the fame manner taking the leaſt diſtance from 45 gr. to the for- 
mer Line onthe acher Leg, and ſetting one foar of that diſtance tothe 
difference of the Legs,yqu (hall find the ocher ta fall upan 54 degrees, 
which is the Complement for the Altitude for 9 and 3 aclock, 

And fo working from 60,the Compaſſes will ſhew the Complement 
of the Alciende 62 gr. 39 ws, and the Alcicude ic ſelf 27 gr.. 31 wy. for 
the hour of 8 and 4: | 

' And at 75 cCegrees, baving with your Compaſles taken the leaſt di- 
ſtzncezand ſet jt 6x before che differenceof the Legy, will give 18 gr. 
18 »z. tor the Altitude of 7 and 5 «clock: ® 

And at 90, or 6 aclock, the Altitude will be 9 gr. 00 m. 

So working: (till in the ſarge manner, from-105, upon the. Verſed 
Scale, you thait find your. Compaſley. to reach beyand 92. namely, ro 
99.g7-06. for 5. mrhe,marning, and 7 after naon.... From which, if 
you take go gr. the remalader ſhews how much the Sun. 1s below the 
Horizon at 5 in the Morning, vnd 7 at.aights namely, 6 mintites, Or 
it ſhews how high the Sun will be, when it is in the beginning of Scor» 
pic, the oppolite lign to 7eww, 2t.7 in the morning, and at 5 after 
noon 2 3nd doing the like from 120, you ſhall find the Compaſles ro 
ſhew 9S gr. 23 w. {tom - whence- taking 90, there will remain 8 gr, 
73 w. for the Suns profundity ar 4. inche myroingy and 8 at night, we 
$4n being in 06 of Taww, or 8 gr. 33 w: for the Suns Alcicude at 8 
inghe morning, and 4 after noon in © of Scorpio. At 135 gr. the 
profundity for 3 and g, or the Altitude for g and 3, wiltbe 15 gr.58 m, 
At go, the Protuadiey for 2;and 10, or the Altitude for 10 and 2. 
will be 21 gr. $1 w, At 65, the Protundity at Land 21 in 00 Of Tam 


Wk 
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ra, or the Altitude of 11 and 1 in 00 of Scorpie, w.ll be 25 {7. 40 wn. 
Andlaftly, whereas the difference of theLegs was foune 40 gr,.by 
what was formerly intimated, the fame qo degrees, do ſhewthe Com- 

of- the Sury Altitude at 12a a clock, when the Sun is inc0 of 
Scorpin, | 

By this appears che manner of. vefolving this Propoſition, and how 
theſe Tables may be made co ocher Signs or Points of the Ecliprick, 
of Dec{fnarion fromthe Equinettiab - wn 2 nts 

Note alſo that the work may begin with the Winter ſigns, and end 
with the Summer, a5 here it may begin with Scorpio, and end with-F aw - 
rw, thus. From the beginning of-the Line tothe beginning. of Ser pic, 
are 1OT gy. 30m. This diſtance compared = 38 gr. 30 m. makes 
the ſum 140 gr: and the difference 63+ the Complement of this diffe- 
rence is 27, che Alcicude of 12-at noow in-4be- beginning of Scorpio, 
and che Exceſs of 140 above go is50,. which, gives the. midaighty Pro- 
fundiry ar che beginning of Scorpis,; or the mid> days Altitude inthe 
beginning of 7 aur. Andif you work for the other hours ( as in the 
laſt example was largely ſhewed ) you ſhall find the Alticudes pointed 
out by the other fooc of the Compalles, for exch hour in 00 of Scoxpie, 
unrill you.come towards 90,and wheri you come beyond 990, the Exceſs 
ſhews the Profundity for the reſt of che hours of thenighc in: Scorpio ; 
bur the Altitudes for che anſwerable hours in the, beginning of T ax- 
74. And ſo all other Signs and Parallels of Declination. + 

Theſe are the particulars in which I intended co exemplifie, becauſe 
their uſes are more frequent than the others are. 

By the like work, bavingthe Deflinktioh and Reclination of any 
Plane, may be found. Firſt, The Poles Altitude above the Plane; then 
in proportionvinSign>z#lone may befound,; the {ances difference of Lon- 
gitude, with the departure of the Subſtyle from the Vertical Line: and by 
cheſe che Dial may. be made, and the Lines placed in a right politions 

So, by the like work, having the difference of Longitudeof any Ci- 
ty,or remarkable place fromyours,and the Latitude of che ſ:me place, 
you my find in whar Polition a-Plane is ro be fet in. your Horizon, in 
reſpe& of Declination and Reclination, or fnclinacion; chat may repre- 
ſent the Horizon of- rhe fame place, .and accordingly you may put on - 
the hours that belong to that Plane or place, with all the other farni- 
ture whereby the Polirians of the Song in refpet.,of the place; may 
be repreſented ro your view upon the Plane, | - 

' And belides theſe, chere are many other particulars which may be 
Bb 2: 1 performed 
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per:ormed uponthisScale, namely, all that fall under the fore-men- 
tioned tonurth Axiom of Spherical Trigonomecry. 


—_ — 


__ CHAP. X. | 
Of the other Scale s on the edges and ſpare places of the Setter. 


Henthenthe SeRor is opened into a ſtraight Ruler, rhen- will 
the divilions of the outer edges of the ewo Legs, and upon the 
ewo flar{ides, ( which iqthe former uſage of the Seftor appeared to 
be divided or broken} be made up, and become as entire Scales, | 

1, Thoſe on the outer edgeare the three ufual Logarichmetical 
Ines of Nambers, Sines,'and Tangents. The uſe of thoſe arethewed 
moſt {srgely by Mr. Gamer in the uſe of che Croſs-ſtaff, and therefore 
'J ſhall need to'ſay no more of them. 

2. The two Scales of Foor and Inch meaſure, upon one of the flax 
ſides, will-ſerve co meaſure ſmall lengths, char reach not above one 
foor, or elſeco make longer Scales of foot or inch meaſure, whereby 
grearer lengths may be mealured, 

And this is all 1 ſhall needro mention of theſe ewo Scales, the others 
that remain, require ſomewhat more to be ſaid of them. 


— 


_—— — — - 
— — —_—— 
—_————— 


CHAP. XI, 
Of the two Seakes of 'wine and Ale meaſure. 


Te is here ſup- Wine Gallon contains 2 31.2 Cubical 
poſed that a & Ale Gallon contains 2338 $ Inches. 


| #. 
Heſe twa Scales ſerve for the ſpeedy gauging of Wine, Ale, or 
Beer Veſſels; andtherefore you muſt firit prepare a Staff of con- 
venient length, whereby to take ebe Dimenſions of aoy veſſel. ' And 
upon the Staff. 

Fcr Wine, you muſt ſet on the length of 4 foor and +}; parts of an 
inch, which length is co be divided into: 3© equal parts, with decimal 
ſubdiviſions ſutable ro each parr, and continue the ſame parts quite 
through the lengeh of the Staff. For 


For Ale, {et onthe length of 4 foot and two inches juftly, and di- 
vide the ſame into 25 equal parts, and ſub-divide thoſe parts decimally 
into 2s many ſub-divilions as thoſe partes will contain, 

With theſe Scales you are co meaſere the Wine or Ale veſſels, that 
is, you muſt cake their Diamerers ar the bung and head, and meaſure the 
length of chem each with his proper Scale. 


| Thento-find the Content in G altons. 


Count the length of the Diameter at the bung, upoa the proper | 
Scale ( that is, upon the Scale of Wine-meaſure apon the Setor, if it 
#* be for Wine, or upon she Scale of Ale-meaſure, if it be for Ale )and 
taking the ſame in your Compaſſes, apply it co the Line of Soperficies, 
ſetting one foot in the Center of the Seftor, and mark where che ocher 
foot falls, and noting the number, write ir down twice. In this work . 
the whole Line of Superficies is ſuppoſed to contain but cen parts only. 
Again, count the Diameter atthe head, upon the proper Scale of the - 
Seor, and apply that length likewiſe to the Line of Superficier, and 
note what number it falls upon, end write it under the two former, on- 
ly once: then add theſe three Numbers togerher; and keep the ſum. . 
Aﬀerwads going tothe Line of Numbers. Say, 

As 2, to che length of the Veſſel, ; 
So the former ſum, to the content of the Veſlelin Gallons. 


Example. 


Suppoſe a Veſſel whoſe Diameter at the Bung, contained 22** 
parts of the Scale of Wine meaſure : the Diameter at che head 38** 
of the ſame parts; the length of the Veſſel zo partsof ſuch a Scale 
as is formerly preſcribed for Wine meaſure, from which theſe mea- 
ſures here ſuppoſed are taken. 

The firſt number of the Bungs meaſure I cake from the Scale of - 
Wine meaſure upon the Seftor, and applying it to the Line of Super- 
ficies, I find ir then to fall upon 4 **, which number I fer down - 
twice. 

Then#gain I take the head number from the ſame Scale of 4-70 
Wine meaſure 1 the Seor, and when it is applied to 4, 70 
the Line of Superficies it reacbeth to ( about) 3*+ which I'fet g. 25 


under the ewo former numbers in right order,as in the Margin us. bs 
the - 
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the ſum of theſe three Numbers is 12 **, Then upon the Line of 
Numbers I work his proportion ; | 

As 2istothe ſum 12 *+: ſo isthe length 30 to 190 'nezr upon, So 
tharche content of ſuch a Veſſel is near 190 Wine Gallons. And if ir 
had been computed by Numbers, the content would be about 2, of a 
Gallon leſs. 

C If the ſame Veſſel were meaſured by the fore-mentioned Staff 
made for Ale meaſure, the Diameter at the Bung would be 18 of 
choſe parts, the Diameter at the head 15, the length of the Veſlel 24. 
And the two formerDiamerers being taken upon the Scale of Ale mea- 
fure upon the Seftor, and applied to the Line of S':1perficies will pro« 
duce the ſamerthree Numbers as before. Then 8s 2 tothe firm of them 
12**: ſow 24the lenprh ro abou: 152, which is the content in Ale 
Gallons. A 


— —_— — — ———. tt, 


CHAP, XII, 


———— 


How to perform the ſame work of Gauging by Feet or Inches. 


Or this parpoſe there are two Scales upon the inner edge of one 
of the Leggs of the SeRor, called Feer and Inches, which Scales 
cannot be true Feer or Inches, 8s by theic length will ealily appear, 
bur for this work of Gauging ( whereunto they are chiefly intended ) 
they are to repreſent Feer and Inches, and accordingly are here called 
repreſentative Feer, and repreſentative Inches. 
Now to take the Dimenſions of a Veſſel, namely, the length with 
the Diameters at head and Bung, you muſt have a fiaft divided, 
Either into true Feer, and each foot decimally ſubdivided : 
Gr into erue Inches, and each Inch decimally.again.ſubdivided- 
" Theſe Scales may b&emade from thetrue Poor. and Inch Scales in- 
ſcribed upon the flac of the Seftor,as was iritimned before: it the renth 
Chapter. - ; 
Either of theſe ewo Scales will perform what is here intended. - 
With one of theſe Staves ( which you have moſt mind ro )-you gre 
romeaſure che Veſſel; andKnowing af whar Numbers:ezcb Dimeslion 
is, you my caſt upthe comenc of the Veſſetthuss': 13: 1 + [1 
tp . '- 33 341 _ 32 


To 


alteration of rhe Velhr. —_— 


To find the content in Gallons. 


Count the Number of the Diamerer' af the Bung, upon the Scale 
of reprefemmive'Þ 7.51, Þ pan the Secharyved mkechat lengrh tai | 
ſer it vpon the Lihe of Superficies from the Center "forweres; "and ſee \! 
what Number ic there falls upon, write that Number twice. | Remem- 
ber here #gsin cher the Superficial Live imrbis work is robe eſteemed 


of 10 parts only. ]* So do alfo wich the: Diameter ar the head. and 
write that Number under the other ewo once only. And add theſe 


three Numbers and keep the ſum. - | 
Then look what the Veſſels lepgth was in wk 3 —_ &count the 
ſame nomber upon the Scale of repreſentative , [ hs $ and whenyou 


have taken it off from thence, meaſure ir, 
Eicher upon the Line of 3 rag meaſure, and ſo what Number ix 


reacherh thereon. Then upon the Line of Numbers ſay, as 2 is to this 
laſt Number) ſo is the ſum before found, to the Number of 3 4 was {4 


Gallons contained in the Veſſel. 
Or without meaſuring it upon thoſe Lines of Wine or Ale Mea- 


ſure, you may do in this manner. Find the fum of the three Numbers, 
25 before. Then upon the Line of Numbers ſay, as 2 tothat ſum, foche 
pres ' the Veſſels lengeh in Feetto a 4th. And as ® to 
7.481 for Wine Wine 5: 
on wb rogy $lo the 4th Number to the content in 4 Ale C 4 | 


Gallons. 
If the Veſſels length be taken in Inches, then thus : As 2 to the 


ſum, ſo = 5 th in Inches [{+S | 4th. And again, 220 6d 
6. 234 for Wine, 2c. ; . POInEnt 

? 5. 000 for Ale, $ is the 41h Number to the content in rw 2 

Gallons. 


Ar. Samuel Foſter bis 


CHAP. XIIL 


Of the two Scales won the inner edge of the other Leg, which are 
divided the one into 14, the other into 20 parts. 


.mean Diameter, andthe uſe of them is. = 


To find ſuch a mem Diameter -between the Ditmeters of che 
head and Bung, as ſhall reduce the Veflel co an equal Cylinder 
of the fame length with the Veſſel. 


T* Heſe two- Scales ſerve further for Gauging of Veſſels by the 


This way of Gauging is in uſe, and for our common Veſſels may 
ſerve as coming ſemewhar near the truth, . 

Having meaſured, eicher in Feer or Inches, the two Diameters at 
Head and Bung, take their difference and count. it npon the Scale of 
20. Andtaking that lengeh from thence, and applying it co the Scale 
of 14, ſee what Number it cutsthere, Add chat Number to the lefſer 
Diameter, which is the Diameter at the Head, and the ſum will be 
the mean Diameter. | 


ToGange by the mean Dianuter. 


You muſt firſt meaſure the Dimenſions of the Veſſel wich a Scale 
of Foot or Inch meaſure. BE bd P 
Then take the Number of the mean Diameter our of the repre- 


ſentative þ 7*3 and meaſurg it upon the Line of Superficies 


( eſteeming che ſaid whole Line but 10 ) and keep the Number that ir 
falls upon. Then upon the Line of Numbers ſay, As 1 z0che Number 


kept; ſothe length in _ Tg a fourth, 
| x | 
Then if the length be me ' Inches, and the former work were 

. $748 for Wine 9.35 forWine 

alſo for inches,ſay,as 8 co] 6.00 for Ale, 'CorasI0to _ foe "rg 
F the:former fourth Number tothe Number of Gallons in the Veſſel. 


Or 


after ation of the Seftor. 193 
Oc if the length were given in foor meaſure, and the former work 


were alſo for Beet, ſay, As 1 to$ - Fr = —_— C ſo the former 


| fourth Number tothe contentin Gallons, 

Or elſe take the Veſſels a—_ out of the repreſentative lacks I C 
and apply them to the 3 prongs Tmeaſure Scales, and obſerve whar 
Numbers they there fall upon. Then ſay, as } to this new length ;(o the 
Number kept before, to ehe Number cf 3 _—_ $Gallons in the 


Veſlel. 
This laſt way is performed by one work upon the Line of Numbers, 


whereas tbe other requires two. 


CHAP. XIV. 


How to meaſure Cartridges of Gunpowder to know how many pound 
are contained in t 


I. If the Cartridge be of 4 Cylinderical form. 


Irſt meaſare the Diameter and length of it wich a Scale of Deci- 

mal Inches. Then count the Diameters length upon che Line of 
Lines, ( counting the whole Line of Lines as 10 repreſentative inches) 
amd wich your Compaſſes, take the length of that namber from the 
- Lineof Lines, and apply it to the Line of Superficies, ( which now 
in this work muſt be ſuppoſed to contain 160 parts) and note the Num- 
ber which it reacheth unto. Then _ the Line of Numbers, ſay, 
As 404 is to that Number noted, fo the length of the Cylinder, tothe 
Number of the pounds of Gunpowder. | 


2.1f the (artridge be of a Conical form, 


Meaſure the Diameter of the Baſe, as before, and the lengrh of the 
Cone likewiſe, both with a Scale of Decimal Inches, and count the 
Diafneter upon the Line of Lines, and *pply itto the Line of papers 

| « les, 
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ficies, noting the Number thereon, as was done before. Then ſay, 
As 121 4to the Number before noted : So the length,toche contentin 
pounds of powder. 


: 3- If the Cartridge be a reſefted Cone, 

| Meaſure the Diameters of both Baſes, 8nd the length by a Scale of 
Decimal Inches : Then count che greater Diamecer vpon the Line of 
Lines, and meaſure ic upon the Line of. Superfictes, noting ehe Nam- 
ber, as was done in the two former ways. Afterwards, upon the Line 
of Numbers, ſay. ; As the greater Diameter co the leſſer ; So the no- 
ted Number to a ſecond,and fo that ſecond coathird. Add theſe three 
the firſt, ſecond and third Numbers together, and keep the ſum, Then 
ſay again, As 121 z isto the ſaid ſum; So is the length, cothecontent 
in pounds of powder. | 

Or you may count both the Diameters upon the Line of Lines, and 
cransfer them both to the; Line of Superficies, and note whar ewo 
Numbers they cut, count the ſame ewo Numbers upon the Line of 
Numbers, and biſe& che diſtance between thee, ſo ſhall you find a 
middle Number, which, with the two former, wif! make up three 
Numbers, the ſame which were found, the other way. Then { as be- 
fore ) add theſe three Numbers together, and keep the ſum, and again 
fay, As 121 $istothe ſaid ſum;So isthe length co che content in pounds 
of powder. 


The End of Mr. Foſters alteration of the Seftor, 


Poſtſcript, 


Pox the Scheme of this Seftor, as My, Foſter hath contrived 

it, there are ſome- other Lines inſerted is the ſpare places 
thereof, which do not go wp to the Cemter : As, Firſt, a Line of 
three hours, with their halves and quarters, which Line is noted at 
every whole hour with $, and at every half and quarter, with « 
little Line thus |, The uſe of this Line u« chiefly in Dialling, and 
the manner of uſing it # ſufficiently ſhewed in other of his works, 
and it moſt excellently and expediciouſly performeth that manner 
of Dialling, which Mr, Gunter teacheh at the end of his third 
Book of the Settor. 

There ave alſo other Scales, as one of Metals, and another of 
Seg ments of « Circle, the uſes whereof are the ſame, as My, Gun- 
ter hath ſhewed at large: and there is alſo added another 
Line by Adr. Foſter, which alſo called a Line of Segments ; that 
of Mr, Gunter repreſenting the Segments of a Circle ; the other 
of Mr, Foſter, the Segments of « Sphere, and hath like uſe in 
. Spheres, as the other hath in Circles, 


Vale. 
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THE | 
FIRST. BOOK 


CROSSSTAFE. 


Of the Deſerigtion of the Staff. 


He Croſ=Staff, is an Inſtrument well known to our 
Seamen, and much ufed by the ancient Aſtrono- 
mers and others, ſerving Aftronomically for ob- 
fervation of the Alkicudeand Anples of Ciſtance- 
in the Heavens; Geometricatly for Perpendi- 
caler Heights and Diſtances on Land and 
Sea. 

The Deſcription and feveral lifesof it are ex- 
rant in Print, by Gemma Friſme in Laine, in Engliſh by D. Hood. I: 
differ ſomething trom them both, in the Projetion of chis Staff, bue 
ſo as their Rules may ode. mar ir, and all cheir Propoſitions be 
wrought by it ; and therefore referring the Reader to their Books, 'I 
ſhall be brief in the Explanation of charwhich may be applied from 
theirs unto mine, and ſo cometothe Uſe of thoſe Lines which are of 
my Addition, not exramheretofore. | ak 

The neceffary parts of this Inftrument are Five; (1.) The Seaff;. 
2.) The Croſs; And (3:)the three Sights, The Staff which I made 
Nu my own ufe, is « full Yard in length, thar' ſ@ it may _—_ 
e 


meaſ(! Uree. 


». 2 $4 
200 | be 4 ſcription of Lines: 
The Croſs belongings it is 26 Inches + berween the two ourward 


Gghes, If any would haygit in « greater form, the proportion between 
the Suff and { ifs, bop be fach as 360 unco 262, + 
The Lines infſeribs Staff are of four ſorts: One of them 


ſerves for Meafure and Protration : One for obſervation of Angles : 
One forthe Sea-Chart ; and the four other for working of Proporti- 
ons in ſeveral kinds. 

The Lineof Meaſure is an Inch; Line, and may be known by his 
equal quarts, the whole Yard being divided equally. into 36 Inches, 
and mw Inch ſubdivided firſt into ten parts, and chen eagh, zenth pare .. 
into halfs, | BE IIS 

The Line for obſervation of Angles may be known by the double 
Numbers, ſet on both ſides of the Line, beginning at the (ide at 20, 
and ending at got on the oqher fide ar 40, andending at.180: and 
this dou divided according to the degrees of a quadrant, I call it the 
—_ ine on the Staff. - | 

next Line is the Meridian gs, according to Meyca- 
tors ProjeRion from the Equinotialto 58 gr.of Latitude, and may be 
known by the letter 34, and the Numbers x, 2, 3, 4, ufo 58. 
| The Lines for working of proportions mey be known by their un- 
equal diviſions, and the numbers atche end ot each Line. 

x. The Line of numbers noted with the Letter N, divided unequal- 
ly into xo00 parts, and numbred with 1, 2, 3,4, unto 10, _ . © 

2. The Line of Artificial Tangents is nored with che letter T, divi- 
ded vnequally into 45 degrees, and numbred both ways, for the Tan- 

t and the Complement. bes, of ©, ds 

3- The Line of Artificial Sines noted with the letter S, divided un- 
equally into 90 degrees, and numbred with 1, 2, 3 4, unto 90, 

4- The Line of Verſed Sines for more eafie finding the beur and 
Azimuth, noted with V, divided unequally into about 164 gr. 50 w. 
numbred backward with z©, 20, 3O, unto 164. 

Thus there are ſeven Lines inſcribed on the Staff: there are Five 
Liaes m_ PR _— Croſs. wa 

I, angent Lineof 36 gr. 3 wv. numbred by 5, 10,15, unto 35 
the midft whereof is at 20 gr. and therefore I call: ic tlie Tangent of 
205 and this hath reſpeR unto 20 gy. inthe T onthe Staff. 

2. A Tangent Line of 49 gr. 6 w. numbred by 5, 10,15, unto 45 ; 
the midſt whereof is ac 30 gr. atd bach reſpe unto 30 gr. inthe Tan- 
gent onthe Staff, whereupon I call itthe Tangent of 30. | 
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3. A Line of Inches numbred with 1, 2, 3, unto 26; each Inch 
equally ſubdivided into ten parts, anſwerable to the Inch Line upon 
the Staff. 

4. ALine of ſeveral Chords, one anſwerable toa Circle of ewelve 
Inches. Semidiameter, numbred with 10, 20, 30, unto 60, another a 
Semidiameter .of a Circle of ſix Inches; and che _—_— 2 Semidia- 
meter of a Circle of three Inches, both numbred with.30, 20, 30, un- 
20 90. 

5- A continuation of the Meridian, Line from 57 gr, of Laticude 
unto 7G gr. and from 76 to 8 4 gr. 

For the Inſcription of theſe Lines. The firſt for meaſure is equally 
divided into Inches, and tenth parts of Inches. 

The Tangent onthe Staft for obſervation of Angles, wich the Tan- 

ent of 20 and the Tangent of 3oon the Croſs, may all three be in- 
ſcribed out of the ordinary Table of Tangents. 

The Scaff being 36 Inches in length ; the Radius for the Tangent on 
the Staff will te 13 Inches and 103 parts of 1000: fo the whole Line 
will be a Tangent of 70 g” and muſt be aumbred by their Comple- 
ments, and the double of their Complements, the Tangent of 10 gr 
being numbred with 8o and 160. 

The Radius for the Tangent of 200n the Croſs, will be 36 Iaches, 
and the whole Line between the Sights a Tangent of 36 gr.3 m.accord- 
ing 8s it is numbred, The Radius for the Tangent ot 30gr. on the 
Croſs, will be 22 inches and 695 parts of 1000 ; fo the whole Line be» 
eween the ſights will contain a Tangent of 49 gr. 6 m. inſuch ſort as 
they are numbred. 

The Meridian Line may be inſcribed out of the Table which I ſer 
down for this purpoſe inthe uſe of the Seor. 

The Line of Numbers may be inſcribed out of the firſt Chiliad of 
Mr, Briggs Logarithms : and the reſt of the Lines of proportion our 
of my Canon of Artificial Sines and Tangents, and in recompence 
-ormay this Book will ſerve as a Comment to explain the uſe of my 

non. 
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CHAP. IL 


The uſe of the Lines of Inches for perpendicular heights and 
diſtances, | 


N caking of heights and diſtances, the Staff may be held in ſuch 

ſort, that it may be even with the diſtance, and the Croſs parallel 
with the height : andthen if the eye at the beginning of the Staff ſhall 
ſee his marks by the inward lides of the two firlt lights, chere will be 
ſuch proportion between the diſtance and the height, as is berween the 
parts intercepted on the Staff and the Croſs. Which may be farther 
explained in theſe Propoſitions. 


«* ,uv* 
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I, Tofind an height at one ſtation, by knowing the diſtance, 


Set the middle (ight unto the diſtance upon the Staff, the height will 
be found upon the Creſs, For, 


& ; 
As the Segment of the Staff 
unto the Segment on the Croſs ; 
So is the diſtance given, 
unto che height. 


for heights and difbences] 20} 

As if the diſtance A B being known to be 256 feet,it were required 
rofind che height BC: firſt I plice the middle (ighs at 25 inches and 
6 parts of 10; then holding the Staff level with the diliance, 1 raiſe 
the Croſs Parallel unrothe heighe, in ſuch ſort, as that my eye may ſee 
from A the beginning of the inches on the Staff by the light E, at the 
beginning of the inches on the Croſs unto the mark C : which being 
done; if I find 19 inches and 2 parts of io intercepted on the Croſs 
gm the lights at E and D, I would fay the height BC were 192 
cer, 

Or if the obſervation were to be made before the diſtance were 
meaſured, I would ſer the middle (ight either unto 10 inches, or 1 2 or 
16, or 20, or 24, or ſome ſuch other nnmber as mighr beſt be divided 
igto ſeveral parts, and then work by proportion. As if in che former 
examplethe middle light were at 24 0n the Staff, and 18 on the Croſs, 
it ſhould ſeem that the heighe is Z of the diſtance ; and therefore the 
diſtance being 256, the beight ſhould be 192. 


2. Tofind an height by knowing ſome part of the ſame height. 


Asif the height from G ro C were known to be 48, and it were re- 
quired to find the whole beight BC, either put che chird ſight, or 
ſome other running fight upon the Croſs berween the eye and the mark 


G, Forthen, 


As the difference between the fights 
unto the whole Segment of the Croſs ; 


So is the part of the beight given, 
unto the whole beighr. 


If then the difference between the (ights at E and F, ſhall be 45 and 
the Segment of the Croſs E D 180, the whole height BC will be 
found tobe 192. 


3. To find an height at two flations, by knowlug the difference of the ſam: 
ſtations. 


As the difference of Segments on the Staff, 

unto the difference of ſtations ; | 
So is the Segment of the Croſs, | 
unto the height. Dd 2 Suppoſe 
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Suppoſe the firſt ſtation being at H, the Segment of the Croſs E D 
were 180, and the Segment of the Staff H D 300; then coming 64. 
feet nearer unto B, in a direR Line unto a ſecond ſtation at A, and 
making zsnother obſervation, ſuppoſe the Segment of the croſs E D 
were 180 as before, andtbe Segment of the St#F AND 240; take 240 
out of 300, tbe difference of Segments will be 60 parts, And 


As 60 parts unto 64 the difference of ſtations : 
SoD E 180 ucto BC 192 the height required, 


Io theſe three Propolicions there is a regard to be had of the keighe 
of the eye. For the height meaſured,is no more chen from the level of 
the eye upwards. 


4+ To find a diftance, by knowing the height. 


As the Segment of the Croſs, 
unto the Segment of the Scaff : 
So is the height given, 
unto the diſtance. 


So the Segment E D being 18, and DA 24, the height C B 192, 
will ſhew the diſtance A B to be 256. ; 


5. Tofind a diſtance, by knowing part of the hright. 


As the difference berween the (ighes, 
unto the Segment of the Staff : 

So is the part of the beight given, 
unto the diſtance. 


And thus the difference between E and F being 45, and the Seg- 
ment D A 240; the part of the height G C 48, will give the diſtance 
A Bto be 256. 


6.To for adiftance at two ations, by knowing the difference of the ſame 
ations, 


As the difference of Segments on the Staff, 
untothe difference of ſtations : | S9 


for her bts and diflexces, 
So is the whole Segment, ' 
unto the diſtance. 


And thus the Segment of the Croſs being 180, the Segment of the 
Staff ar the firſt ſtation 240, at the ſecond 300, the difference of the 
ments 60, and the difference of ſtations 64, the diſtance AB at 
the firſt ation will be found robe 256, and the diſtance H B at the ſe- 
cond Ration 320. 


7. Tofind a breadth, by knowing the diſtance perpendicular to the breadth, 


This.is all one with the firſt Propoſition. For this breadth is but an 
beight.curned (ideways ; and therefore 


As the Segment of the Staff, 

unto the Segment of the Croſs ;. 
So is the diſtance 

unto the breadth. 


And ebus the Segmertof the Staff being 24, and the Segment of 
of the Croſs 18, the diſtance A B 256, will givethe breadeh B C to be 
192, | 


$. To find a breadth at two ſtations in a Line Perpendicular to the breadth, 
by knowing the difference of the ſame ſtations. 


| This is alſo the ſame wich he third Prop, and therefore 


As the difference of Segments. on the Staff, 
unto the difference of ſtations: 

So the Segment on the Croſs between the two lights, 
unta the breadth required. : 


And thus the difference between the ſtations at A and H being 64, 
the difference of —_ onthe Staff 6©, the Seg ment of the Croſs 
180, the breadth B C will be found tobe 193. 


In like manner may we find the breadth G C, for having found the 
breadth B C, the proportion will hold ; 


As 
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AsDE is unto FE, foB C unto G C, Or otherwiſe, 
As H «unto H A,ſoFEunto GC. 


Neither is it material whether the ewo ſtations be choſen at one end 
of the breadth propoled, or without ir, or within it, if ehe Line be- 
eween the ſtations be Perpendieular unto the breadth y as may appeor, 
if in lead of the ations at A and H, we make choice of the like ſta- 
tions atI and K, 

There might be other ways propoſed to work theſe Propoficions, by 
bolding the Croſs even with the diſtance, and the Staff parallel with the 
height : but theſe would prove more troubleſome,and thoſe which are 
delivered are ſufficient, and the ſame with choſe which others have ſet 
down under the name of he Jacobs Staff, 


The uſe of the Tangent Lines. 


CHAP, III, 
The t!ſe of the Tangent Lines in taking of Angles. 


I. Tofind an Angle by the Tangent on the Staff. 


Et the middle light be always ſet to the middle of the Croſs, no- 
| fi with 20 and 30, and then the Croſs drawn nearer the eye, 
untill the marks may be ſeen cloſe within the (ights, For ſoif the eye 
at 
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at A (that end of the Staff which is noted with 90 and 180) bebolding 
che mark K and N between the two firſt ſights, C and B, or the 
marks K and P berween the ewo outward lights, the Croſs being drawn 
down unto H, ſhall ſtand at 3o arid 60, in the Tangent on the Staff : ir 
ſheweththe Angle KANis 30 gr. the Angle K AP 6p gr. theone 
doublero the other; which is rhe reaſon of the double numbers on 
this Line of che Staff: and this way will ſerve for any Angle from 
20 gr. coward go gr/or from 40 gr. toward 120 gr, Butif the Angle 
” leſs than 20 gr. we muſt then make uſe of the Tangent upon the 
Croſs. 


2, To find an Angle by the Tangent of 20 #pon the Croſc. 


Set 20 unto 20, that is, the middle light to the midſt of the Croſs at 
the end of the Staff, noted with 20, ſo the eye at A, betiolding the 
marks L and N, cloſe between the cwo firſt (ſights, C and B, ſhall ſee 
them in an Angle of 20 gr. 

If che marks ſhall be nearer together, as are M and N, then draw 
inthe Croſs from C unto E : if they be farther aſunder, as are K and 
N, then drawour the Croſs from C unto F; ſo the quantity of the 
Angle ſhall ſill be found in the Croſs in the Tangent of 20gr, atthe 
end of the Staff : and this will ſerve for any Angle from 20 cowards 


35 7. 
3, To find an Anple by the Tangent of 30 wpon the Croſs, | 


This Tangent of 30 is here put the rather, that che end of the Staff 
reſting atthe eye, the hand may more eaſily remove the Croſs : for it 
ſappoſeth the Radius to be ne longer than A H, which is from the eye 
atthe end of the Staff unto Zo gr. about 22 inches and 7 parts. Where- 
fore here ſet the middle fight unto 3o gr. on the Staff, and then either 
draw the Croſs in or our, untill che marks be ſeen between che two 
firſt ſights ; ſo the quantity of the Angle will be found in the Tangene 
of 20, which is here repreſented by the Line G H ; and his will ſerve 
for any Angle from © gr. toward 48 gr. 


4. Ta obſerve the dltitnde of the Sun backward. 


Here it is fic to have an horizontal ſight ſetto the beginning of the 
z 
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Staff, and then may you turn'your back toward the Sun, and' your 
Croſs towerd your eye, If the Alricude be under 45 gy. ſer the middle 
ſighe to 30 0a the Staff, and look by the middle (ſight throngh the Ho- 
rizemesl unto the Horizon, moving the Croſs upward or downward, 
untjll the upper ſighe do ſhadow the uppet half of rhe horizamel 
Gighe : ſo the Alticnde will be found inthe Tangent of 30, 

| If che Akirude ſhall be morethan 45 gy. ſet rhe middle ſight unto 
the midſt of the Croſs, and look by the inward edge of the lower 
ſight ebrough the Horizoncal cothe Horizon, moving the middle lighs . 
in or out, untiH the upper fight do ſhadow the upper half of the Ho- 
rizental fight : ſo che Alcicude will be found inthe degrees on che Staff 
berween 40and 180, «ay | 


5. To ſet the Staff to any Angle given. 


This isthe converſTof the forryer. Propeſition : For if the middle 
ſight be ſer co his _ and degree; the eye looking cloſe by che lights 
as before, cannot bur ſee his objeR in the Angle given, | 


6. To obſerve the Altitude of- the Sun another way. 


Set theriddle ſight to rhe middle of the Croſs, and hold the Hori- 
zontal ſight downward, ſo as the Croſs may be parallel cothe Hori- 
zon,then is the Staff Vertical; and if the outward ſights of the Croſs 
do ſhadow the Horizontal ſighe : the Complement of the Altitude will 
be found inthe Tangent on the Sta, 


7. To obſerve an Altitnde by Thread and Plammet. 


Let the middle (ight be ſer to the midſt of the Croſs, and to that end 
of theStaff which is noted with 90 and 180 ; then having a Thread and 
a Plummer ar the beginning of the Croſs, and turning the Croſs vp- 
ward, and the Staff cowards the Sun, the Thread will fall on the Com- 
plement of the Alticude above the Horizon, And this may be applied 
to other purpoſes. | 


8. T o apply the Lines of Inches to the taking of Angler: 
If the Angles be obſerved berween the ro firſt Gphes, there will 
e be 
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be ſuch proportion between the parcs of the Staff and the parts of the 
Croſs, 84 between the Radius and che Tangent of the Angles 

As if che parts intercepted. onthe Staff were 20 inches, the parts 0n 
the Croſs 9.inches, Then by proportion as 20 unto 9, ſo 1000 unto 
45000 the Tangent of 24 gr. 14 wv. ri 

But if the. Angle ſhall. be obſerved between the two outward ſights, 
the parts being 20 and 9. as before, the Angle will be 48 gr. 28 ». 
double unto the for mer, 
. Inslliheſe there isa regard tobe had co the Parallax of the eye,and 
his height above the Horizon in obſervations at Sea ; [to the Semidia- 
meter of the Sun,kis parallaxand refraRion,us in the uſe-of other faves. 
And ſo this will be as much, or more chan that which hath been here- 
tofore performed by the Croſs-Staff. 


CHAP. TV. 
The uſe of the Lines of equal parts joyned with the Lines of 
Chords 


| _—_—_—_—_— 


T He Lines of equal parts do ſerve alſo for protration, as may ap- 
pear by the former Diagrams, bur being jayned with the Lines of 
Chords, which I place upon one (ide of the Croſs, they will farther 
ſerve for the protration and reſolution of righe Lined Triangles ; 
whereof I will give one example in finding of a diſtance at two ſtations 
otherwiſe than inthe Second Chapter. 

Let the diſtance required be AB, at A thefirſt Ration, I make 
choice of a ſtation Line towards C,and obſerve theAngle B A C by the 
Tangent Lines, which may be 43 gr. 20 ww. then having gone an kun- 
dred paces rowards C, I make my second ſtation ar D, where fuppoſe 
I find the Angle B DCtobe 58 gr. or the Angle BD Atobe 112 gr, 
this being done, I may find the diſtance A Bin this manner. 

i. Idraw aright Line A C, repreſenting the ſtation Line; 

2. I cake 100 out of the Lines of equal parts, and prick them down 
from A the firſt ſtation unto D the ſecond. 

3. I open my Compaſſes to one of the Chords of 60 gy. and ſetting 
ene ſoor inthe point A, with che other I deſcribe an occult Ark of a 
Circ!e interſeRing the Ration Line in E, 


4. I 


4. I take out of the ſame Line of Chords « Chord of 43 gr- 20m* 
( becauſe fuch was the Angle ac the firſt ſtation ) and this I inſcribe ihto 
that occule Ark from E unto.E, which makes the Angle FAD equal 
co the Angle obſerved at the fickt ſtation, | 


5. I'deſcribe another like Ark uponthe Center D, and inſcribe ins 
toit a Chord of 53 gr, from C unto G, and draw the right Line D G, 
which doth meer with che other Line A F in the Point B, and makes 
the Angle BDC equal to the Angle obſerved at the ſecond ſtation. 
So the Angles in the Diagram being ,equal rothe Angles in the field, 
their (ides will be alſo proportional ; and therefore, 

6. I rake out the Line A B with my Compaſſes, and meaſuring ic in 
the ſame Line of equal parts, from which I took AD, I find it co bw 
335, and ſuch isthe diſtance required. " 


Ee 2 _ CHAP. 


The uſe of the Lines of Chords. 2In 
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CHAP. V. 
The uſe of the Meridian Line, 


1," TD He Meridian Line, noted with the letter M, may ſerve for the 

more eale diviſion of the plain Sea-chare, according to Aer- 
cators Projetion,For if you ſhall draw parallel Meridians,each degree 
being half an inch diſtant from other, the degree of this Meridian 
Line on the Staff ſhall give the like degrees for the Meridians on the 
Chart; from 'the EquinoQtial toward the Pole: and then if through 
theſe degrees you draw ſtraight Lines Perpendicular co che Meridians, 
they ſhall be Parallels of Laticude: 

If any delire to have the degrees of his Chart larger 'than thoſe 

which I have put on the Staff, he may cake theſe and increaſe them in a 
double, or treble, or a decuple proportion at his pleaſure. 
2. This Meridian Line being joyned with the Line of Chords, may 
ſerve for the protration and reſolution of ſuch right Line Triangles 
85 concern Latitude, Longicude, Rumb and Diſtance inthe praQtice of 
Navigation. As may appear by this example. 

Suppoſe two places given, A inthe Latitude of 5o gr. D inthe La- 
rtitude of 52 gr. 3, thedifterence of Longitude berween them being 
6 gr. and let ic be required to know, firſt, what Rumb leadeth from 
the one place tothe other ; ſecondly, how many degrees diſtant they 
are afunder. 

1. Idraw a right Line A E, repreſenting the Parallel of the place 
from whence I depart. 

2, I rake 6 gr. for the difference of Longitude, eicher our of the 
[Line of Inclies, allowing half an inch for every degree, or out of the 
beginning of the Meridian Line ; (for there the Meridian degrees dif- 
fer very lictle from che EquinoRial degrees) and theſe gr. Iprick 

down in the Parallelfrom AcoE 

3. InAandE,cre& ewoPerpendicularer, AMand ED repreſenting 
the Meridjans of both places,. 
4 Ttakethe difference of the Latitude from 5© gr, to 52gr. 30m, 


Oug 


unto M, and from E ro D; and draw the right 
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out of the Meridian Line, and prick it down in the Meridians from A 


Line M D for the Pa- 


rallel of the ſecond place, and the right Line A'D for the Line of di- 


ſtance berween both places : fo the Angle MA'D ſhall 
that leadeth from the one place to the other. 


Wl 


give the Rumb 


he. 
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5.To find the quantities of this Angle M A D,I may either make uſe 
of the ProtraRor,or elſe of a Line of Chords,und ſo Iopen my Com» 
pafſes unto one of the Chords of 60 gy. and ſetting one foot in the 
Point A, with the other I deſcribe 8n occule Ark of a Circle; inter- 
ſetingthe MeridianinF, and the Line of diſtance in G ; then I rake 
the Chord of F G with my Compaſſes, and meaſuring it in the ſame 
Line of Chords as before, I find it g6 gr. + : and ſuch is the Inclinati- 
tion of the Rumb to the Meridian, which is che firſt thing that was res 


quired: 


_ 


6. To 


We: | * "The ofe of the Meridian Lint. 

6. To find the quantity of the Line of diſtance A D, Itake ic out 
with my Compaſſes, and meaſuring it ia the Meridien Line, ſetting one 
foot beneath the leſſer Lytitude,and the ogber foot as much above the 
greater Lacitude, , I figs about 4 gr. + intercepred between bock feet : 
and ſuch is the diſtance upon the Rumb, which is the ſecond thing thar 
was required, 

But if this example were protrafted according to the common 
Sea-Charr, where the degrees of the EquinoQisl and Meridi- 
an are both alikes; the Rumb M:AD would be found to be 
vbove 67 gr. '23 m. and AD the diſtance vpon the Rumb abour 
G or. 3 | 

SU poſe farther, that having ſer forth from A toward D,. upon 
the former Rumb of 56 gr. 15 w. NEGE, after the Ship had 
run 36 Leapues, the wind changing, it ran 5o Leagues mere upon the 
ſeventh Rumb of E6N, whoſe inclination to the Meridian is 78 gr. 
45 m. And let it be required to know what Longitude and Laci- 
_ the Ship is in, by pricking down the way thereof upon the 

art, 

Havind drawn a blank Chart as before,with Meridians and Parallel, 
according to the Laticude of the places propoſed. 

1, Twould make an AngleM AD of 56gr. 15 w. for the Rumbof 
NEbE, which is done after this manner : I open my Compaſſes to 
one of che Chords of 60 gr. and ſetting one foot in the Point A,with 
the other I deſcribe as occult Ark of a Circle, interſeftingthe Meri- 
dianinF:thenl take 56 gr. 15 m,, Out of the ſame Line of Chords, 
and prick them down from Funto G. ſo che right Line A G ſhall be 
the Rumb of NEbE. - 

2. 4 would take'36 Leagues out of the Meridian Line, extending 
my Compaſſes from go gr. two5 1,48 ww. or rather from as much be-- 
low 5o as above 51, and prick chem down upon the Rumb from A un- 
co 1; fo che Poime I ſhall repreſent the place wherein the Ship was 
whenthe wind changed. And this is. in the Laticude of $1 gr. om. 
and in the Longitude of 2 gr, 21 w. Eaſtward from the Meridiaa 
AM, 

3. By the fame reaſon, } may draw the right Line I K for the Rumb 
of Eb N, and prick downthbe diſtance of 50 Leagues from I unto K : 
ſorbePoigt K ſhall repreſent he place whicher the Ship came, ofrec 
the ranaing 6f eheſe 50 Leagues : and this is in.cbe Latirnde of FI gy. 
39 w, andin Longitude 6 gr, 16m. Eaſtward from the firft m_ 

| ian 


The uſt of the Meridian Lines = © = urs; 


diem AM; and therefore 16. Eaſtward from the ſecond Meridian 


ED. ; 

But if theſe ewo courſes were. to be pricked down by the com- 
mon Sea-Chart, the Poine I would fall inche Laticude of $1 gy. ow, 
and the Poins K inthe Latitude of $1 g9., 30 ». Bat the Longitude 
of 1 would be only 1 gr. 30 w». and the Longitude of K only 
3 gr. 57 mw. More: both theſe do make but 5 gr- 27 w. for the 
| LA of Longitude between the firſt Meridian A_M, and the 
Point K : whereby it ſhould ſeem char che Point K is yer 33 m». 


Weſtward from the Meridian of the plice to which the Ship was. 


bound. 
Such is the difference between both theſe Charts. 
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CHAP. VI, 
[The uſe of the Line of Numbers; 


He Line of Numbers bere noted with 1,2, 3,4, 

4 unto IO, is compleat in thoſe diviſiogs which 

+ are between 1 and 10: the other like diviſions at 

the beginning of the Line do ſerve rather to an- 

. 6 ſwertothe firſt degrees of che two other Lines of 
7 
8 
I 


_— 


Sines and Tangents, than for any neceſſity, which 
is the cauſe why ſome of them sre omitted. And 
| here, as in the uſe of other Scales, the figures 
I, 2,3,4that are ſet down upon the Line, do ſome- 
times (ignifie themſelves alone, ſometimes 10, 20, 
30, 40, ſometimes 100, 200, 309, 400, and ſo for» 


.L 46 ward, as the matter fhall require. The tirlt figure 


of every Number is always chat which is here ſer 
-11 down, the reft muſt be ſupplied according to the 
nature of the queſtion. 
-» 12 

1, Having two Numbers glven, to find a third in cons 
13 tinual propurtion,a fourth, a fifth, and ſo forward, 


4 Extend the Compaſſes from the firſt Number 

. 15 unto the ſecond ; then may you turn them from the 

ſecond to the third, and from the third to the 
- 46 fourth, and fo forward, 

Let the two numbers given be 2 and 4, extend 

<7 the Compaſles from 2 to 4, then may you turn 

them from 4. to 8, and from $ to 16, and from 16 


to 32, a1d from 32 to 64, and from 64 to 1 2$. 

. Or if one foot of the Compaſſes being ſet to 644 
the other fall our of the Line, you may ſet itro 
another 64 nearer the beginning of the Line, 
and there the other foot will reach to 128, and 
from 128 you may turnthem co 256, and ſo for- 
ward, : Or 


. 
* 
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Or if the two firſt Numbers given were 10 and 9 : extend the Com- 
paſſes frow 10 atthe end of the Line, back unto g, then may youturn 
them from 9 unto 8, 1, and. from 8, 1, nnto 7,29. And ſo if che ewo 

firſt Numbers given were 1 and 9, the third would be found to be 

$1, the fourth 729, wich the ſame extent of the Compaſſes. 

In the ſame manner, if thetwo firſt Numbers wdre 10 and 12, you 
may find the third proportional to be 14, 4, the fourth 17, 28, And 
with the ſame extent of the Compaſles, if the ewo firſt Numbers were 
1 and 12, the third would be found to be 144, and the fourth ro be 


1728, 8 
2. Ahaving two extreme Numbers given, to find a mtan proportional 


between thews. 


Divide the ſpace between the extreme Numbers into two equal 
parts, and the foot of the Compafles will ſtay atthe mean propor- 
tional, Sothe extreme Numbers given being $ and $2, the mean be- 
tween them will be found to be 16, which may be proved by che 
former Propoſition, where it was (hewed, that as $ to 16, ſoare 16 
to 32, 


3. Tofind the ſquare Root of any Number given. 


The ſquare Root 4s always the mean proportionll between 1 and 
the nnmber given, and therefore co be found by dividing the ſpace be- 
eween them into two equal parts; So the Root of 9 is 3, and the 
Root of 81 is 9, and the Reor of 144 is 12, and the Root of 1440 
almoſt 38, 

If you ſuppoſe Pricks under tae Number given, (as in Arithmetical 
extration) and the laſt Prick to the left band ſhall fall under the laſt 
figure, which will be asoft as there be odd figures, the unity will be 
belt placed at1 inthe middleof che Line: ſo che Root and the Square 
will both fall forward coward the end of the Line. Bur if the laſt 
Prick (hall fall under the laſt figure bur one, which will be as oft as 
there be even fignres, then the unity may be placed at I in che begin- 
ning of the Line, andthe Square in the ſecond length, or rather the 
unity may be placed at 10 inthe end of the Line of the Roor, and che 
Square will both fall backward coward the mildle of the Line, in the 


fecond length, 
Ff 4, Having 
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4. Having two extreme Numbers given, to find two mean Proportional; 
between thim, 


Divide the ſpace between the two extreme Numbers given into 
ehree equal parts, As if the extreme Nambers given were 8 and 27,d:- 
vide the ſpice betwe:n them into three equal parts, che feet of che 
Compaſſes will ſtand in 12 and 18, 


$. To find the Cubic R.ot of a Number given. 


The Cubic Root is always the firſt of two mean Proportionals 
between I and the Number given, and therefore to be found by divi- 
ding the ſpace between them into three equal parts. 

Sothe Root of 1728 will be found co be 12. The Root of 17280 is 
almoſt 26 : and the Root of 192800 is almoſt 56, 

If you ſuppoſe a Prick under the Number given afterthe manner of 
Arithmeticsl extraRtion,. and the laſt Prick to the left hand ſhall fall 
under the laſt figure, as it dothin 1728, the unite will be beſt placed 
at I in the middle of the Line, and the Root, the Square,and the Cube, 
will all fall forward toward the end of the Line. 

If the laſt Prick ſhall fall under the laſt figure bux one, as in 17280, 
the unite may be placed at 1 in the beginning of the Line, and the 
Cube in the ſecond length, or the unite may be placed at 10 inthe end 
end of the Lice: and the Cube in the firſt lengthy or if the Cube 
fall our of the Line, yon may hep your ſelf, as in the firſt Propo- 
lition. Fg 

But if the laſt Prick ſhall fall under the laſt figure but two, as in 
172800, then place the unite always at 10 in the end of the Line: ſo 
the Roor, the Square, and the Cube, will all fall backward, and be 
found in the ſecond Length between the middle and end of the 


Line« 


6. To multiply one number Ly ancther. 


Extend the Compaſſes from 1 to the Multiplicator z the ſame ex- 
tent applied the ſame way, ſhall reach from the Mulciplicand tothe 
ProdudQ. | 

As if the Numbers to be multiplied were 25 and 30: either m_ 

the 
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the Compaſſes from 1 to 25, and the ſame extent will give the diſtance 
from 3o to 750 ; orextend them from 1 to 30, and che ſame extent 
ſhall rezch from a5 to 750. 


7. To divide one Number by another. 


Extend the Compaſſes from the Diviſor to x, the ſame extent ſhall 
reach from the Dividend to the Quotient. 
So if 750 were to bedivided by 25, the Quotient would be found 


to be 30, 
8. Three Number; being given, to find a fourth Proportional. 


Tuais golden Rule, che moſt uſeful ob\all others, is performed witlt 
like eaſe. Por extend the Compaſs from the firſt Number to the ſe- 
rms) che ſame extent ſhall give the diſtance from the third ro che 
ourth, 

As for example, the proportion between the Diameter and the 
Circumference, is ſaid co be ſuchas 9 ro 22: if the Diameter be 14: 
how much is che Circumference? Extend the Compaſſes from 7 to 
22, the ſame extent ſhall give the diſtance from 14 to 44 : or extend 
them from 7 to 14, and the ſameextent ſhall reach from 2a to 44. 

Eicher of theſe ways may be cried on ſeveral places of this Line; ' 
but chat place is beſt, where the feet of the Compaſſes may ſtand 
neareſt cogether. 


9. Three Number: being given. to find a fourth in a duplicated proportion. .) 


If any have daily uſe of this Propofition, he may cauſe another Lint of 
Numbers to be made. 


This Propoſition concerns queſtions of proportion between Lines 
and Superficies ; where it the denomination be of Lines, extend the 
Compaſſes from the Frit co the ſecond Numbet of the fame denomi- 
nation : ſo the ſame extent being doubled, ſhall give the diſtance from 
the third Number unto the fourth, 

The Diameter being 14, the content of the Circle is 154 :the Dia- 
merer being 28, what may the content be? Extend the Compaſles 
from 14 t0 38, the ſame exteat doubled _ reach from 154 to 616, 
Ft 2 For 
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For firſt, it reacheth from 154 unto 308 ; 8nd turning the Compaſſes 
@nce more : it reacheth from 308, nnto 616 ; and this isthe contenr 
required, , | 

But if the firſt denomination be of the ſuperficial content, extend 
the Compaſſes unto the halt of the diſtance, between the firſt Num- 
ber 2nd the ſecond of the ſame denomination : ſothe ſame extenc (hall 
give the diſtance from the third to the fourth. 

The content of a Circle being 154, the Diameter is 14 : the con- 
rent being 616, what may the Diameter be? Divide the diſtance be» 
tween 154, and 616 into two equal parts, then ſer one foot in 14, the. 
other will reach to 28, the Diameter required. 


10, Three Numbers being given, to find a fomrth in 4 triplicated proportion» 


This Propoſition concerneth queſtions of proportion between Lines 
and Solids; where if the firt denomination be of Lines, extend the 
Compaſles from the firſt Number to the ſecond of the ſame denomina- 
tion: fo the excent being tripled, fhall givethe diftance from the third 
Number untothe fourth, ' 

Suppoſe the Diameter of an Iron Bullet being 4 inches, the weigher 
of it was 9 /. the Diameter being 8 inches, what may the weight be ? 
Extend the Compaſſes from 4. to 8, the ſame extent being tripled, 
will reach from 9 unto 72. For firſt, it reacheth from 9 unto 18 ; then 
from 1$unto 36; thirdly, fromz6-unto 72. And this is the weight 
required. 

Bur if the firſt Denomination ſhall be of the Solid content, or of 
the weight, extend the Compaſſes to a third partof the diſtance be- 
rween the firſt Number and the ſecond of the ſame Denominacien ; ſo 
the ſame extent ſhall give the diſtance from the third Number unto 
the fourth, : 

The weight of a Cube being 72 /. the (ide of it was 8 inches : the 
weight being 9/. what may the (ide be? Divide the diſtance berween 
72 and 9g, into three equal parts zthen ſet one footto 8, the other will. 
reach to 4, the fide required. 
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; CHAP, YIL 
The uſe of- the Line of Artificial Siness 


\ His Line of Sines hath ſuch uſe in finding a fourth Proportional, 
as the ordinary Canon of Sinesz and the manner of finding it is 
always ſuch, as in this example. 


As the Sine of go gr. 
untothe Sine of 30 gr. 

So the Sineof 20 gr, 
unto a fourth Sine. 


Extend the Compaſſes from the Sine of 90 gr,unto the Sine of 30 gr. 
the ſame extent will reach from the Sine of 20 gr, unto the Sine of 
9gr. 50m. | 

Or you my extend them from the Sine of go gr. unto the Sine of 
20 ogy. the ſame excent will reach from the Sine of 3ogr. untothe 
Sine of 9 gy. 50 9. and ſuch is the fourth proportional ſine required. 

In like manner it che queſtion propoſed were, 


Asthe Sine of 30 gr. 
unto the Sine of 52 gr: 

So the Sineof 38 gr, - 
to a fourth Sine. 


Extend the Compaſſes in the Line of Sines from 30 gy. unto 52 gr. 
the ſame extent ſhall give the diſtance from 38 gy. unto 76 gr, Or, ex- 
trend them from 3o gr. unto 38. gr. the ſame extent will reach from 
52 gr. unto 76 gr. which is the fourth proportional Sine required. 

And thus may the reſt of all Sinical proportions be wrought two 
ways. The minutes which are wanting inthe firſt degree of the Sines 
may be ſupplied by che Line of Numbers, as I ſhew in the next 
Chapter. : 


*% 


CHAP, 


The uſe of the Line of Artificial Targets. 


CHAP, VIII, 
The #ſe of the Line of Artificial Tangents. 


His Line of Tangents hath like uſe, but commonly joyned with 
the Line of Sines : the manner of working by ir, may appear by 
this example : 


As the Tangent of 38 gy. 30». 
is the Tangentof 23 gr, 30m, 
So is the Sine of go gr. 
eo a fourth Sine, 


This Propolition, and ſuch others upon two Lines, may be wronghe 
two ways. For extend the Compaſſes from the Tangent of 38 g.30 mw. 
the Tangent of 23 gr. 30m. the ſame extent ſhall give the oittance 
from the Sine of 90 gy. co the Sine of 33 gr. 89, Orelſe extend them 
from 38 gr. 30 wv. inthe Tangents unto go gr. in the Line of Sines ; 
the ſame extent from the Tangent of 23 gr. 30 m. ſhall reach tothe 
Sine of 3 3 gr. 8m. which is the fourth proportional Sine required. 

And this Croſs work in many caſes is the better,in regard the Tan- 
gents which ſhould paſs on from 4Ogr.to $O gr. and ſo forward, do turn 
back at 45 gr. Theſe two Lines of Sines and Tangents, may ſerve for 
the reſolution of all Spherical Triangles, according ro thoſe Canons 
which I have ſer down in the uſe of the Setor. Only two caſes the 
I9 and 20 will be more ealily reſolved by that which followeth in the 
laſt Chapter of this book. 

Or if at any time one meet with a Secant, Let him account the Sine 
of Bogr. for a Secant of 10 yr. and the Sine of 70 gy. for a Secant of 
20 gr. and ſotake the Sine of the Complement initead of che Secanr, 


As if the Propoſition were, 


As the Radius 
rotheSecant of 51 ygr- 30m, 

. Sothe Sinevof 23 gr. 30m, 
co8 fourth Sine. 


E xtend the Compaſtes from the Radius that is the Sine of 90 gr. to 
the Sine of 38 gr. 30m. the ſame excenc will give the diſtance from 
the Sine of 23 gr. 30 m. both roche Sine of 14 gr. 22 mtothe Sine of 
39 gr. 50m. Burin his cafe, the Sine of 39gr. 50 m. is the fourth 
required. For the firſt number being leſs tban che ſecond, chat is, che 
Radios tefs rhan rhe Secant,the Sine of 23 gr. 30 m9, which is chechird, 
muſt alſo be leſs than the fourth, 

If the fourth proportions! number ſhall at any time fall out of che 
Line, by reaſon of the minutes that are wanting in the firſt cegree, it 
may be ſupplied by reſolving the third Number given into minutes, 
and then working by the Line ot Numbers. 


As if the Propoſition were, 


AstheSine of 90 gr. 
tothe Sine of 10 gr. 
So the Sine of 5 gr. 
ro a fourth Sine. 
Orthe Tangent of 5 gr. 
toa fourth Tangenr, 


Extend the Compaſſes from the Sine of go gy. unto the Sine of 
10 gr, the ſameextenc will reacb from the Sine or Tangent of 5 gr. 
beyond the end of the Staff. Wherefore I reſolve theſe 5 gr. into 
300 m9, and find the former extent toreach in the Line of Numbers 
from 300 mw. uhto 52 ms. and ſuch is the fourth proportional re- 
quired. 

If the extent from the Sine of 90 gr, unto the Sine of 10 gy. be too 
large for the Compaſſes, we may uſe the Sine of 5 gy. 44 wv. inſtead of 
the Sine of go gr. 

And ſo extending the Compaſſes from the Sine of 5 gr. 44 w. unto 
the Sine of 10 gy. we ſhall find the ſame extent to reach in the Line of 
. Numbers from 300 unto 5 2 as before, 

And by the ſame reaſon we may uſe the Tangent of 5 gr. 43 mw. in-- 
ſtead of the Tangent of 45 gr. as I further ſhewin the next Chapter, 


CHAP. 
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"The uſe of the Line of Sines and Tungents joymed with the Line 
of Numbers, 


Jie Lines of Sines and Tangents have another like uſe 'p ww with 
. the Line of Numbers, eſpecially inthe reſolution of right Lined 
Triangles, where the Angles are meaſured by degrees and minutes,and 
the (ides meaſured by abſolute Numbers, whereof, I will ſer down theſe 
- Propolitions. 


1. Having three Angles and one fide, to find the two other ſides. 


If irbe 8 tangle Triangle, wherein one (ide about the right An- 
gle being knowagat were required to find the other. This may be 
found by the Line of Tangents, ahd Line of Numbers, For, 


As the Tangent of 45 gr. 

To che Tangent of che Angle oppoſite to the (ide required ; 
So the Number belonging to the (ide given, 

Tothe Number belonging to the (ide required. 


C As iff the ReQtangle 

St 2 2 . ABC, knowing the An- * 

B gle CAB to: be 9 gr. 

15 »». and the (fide A Bro 

be 135 parts, if it were required to find the other lide B C abourthe 
righe Angle, . 

Extend the Compaſles from the Tangent of 45 gr. untothe Tangent 
of 9 gr. 15 wm, the ſame extent will reach in the Line of Numbers, 
from 135 unto 22, and ſuch isthe length of- che (ſide B C. Or inthe 
crols work, extend the Compaſſes from the Tangent of 45 gr. unth 135 
incbeLine of Numbers, the ſame extent will reach from the Tangent 
of 9 gr,15 m. unto 22 inthe Line of Numbers. 

It cliis extent from the Tangent of 45 gr. © g gr. 15 w. Or, 135 
parts, be too large for the Compaſſes, you may uſe the Tangent of 5 gr. 

43 Mm. 
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43 ». inſtead ofthe Tangent of 45 gr. becauſe both alike anſwer to 


10, &c. parts inthe Line of Numbers. 
And then either extend the Compaſs from 5 gr. 43 w. unto 9 gr. 


15 » in the Line of Tangents, the ſame extent will reach from 1 35s 


unco 32 in the Line of Numbers : or elſe extend them from the Tan- 
cent of 5 gr, 43 m. unto 135 inthe Line of Numbers, the ſame extent 
will reach from the Tangent of 9 gr, 15 w.unto22 in the Line of Num- 
bers; as before. 5 0 

In like manner, in the ſame ReAangle A B C, knowing the Angle 
A C Bcobe $0gr.'45 m. and thelide BC to be 22 parts, it were re- 
quired to find the other fide B A. Youmasy uſe the Tangent of 84 gr. 
17 ws. inſtead of the Tangent of. 45 gr. and ſo the lide B A will be 
found tobe 1 25 parts. 

. Thisholdeth for finding of the fides of ReQangle Triangles, but 
generally in all Triangles, whether chey be'right or ob:uſe Angles, ha- 
ving three Angles and one fidey we may findehe wo other lides by the 
Lingof Sines and Line of Numbers. 


As the Sine of an Angle oppoſiteto the (ide given, 
istothe Number belonging to that ſide given 
So the Sine of the Angle oppoliterothe (ide required, 
. corhe Number belonging eo the ſide required, 


As in the example of the fourth Chapter of this Book, where 
knowing the diſtance between two ſtations at A and D to be 100 paces, 
the Angle BA Crobe 43 gr. 20w. andthe Angle BDC tobe 58 gr. 
ie was required to find the diſtance A B. 

'. Firſt, having theſe rwo Angles, I may find the third Angle ABD to 
be 14/gr.40 w.cither by ſubſtraQion or byComplement unto 120.Then 


in the Triangle B A D, I havethree Angles, and one ſide, whereby I . 


may find both A Band DB. 

I know the Angle A BD oppoſite tothe meaſured fide AD, to be 
14 gr. 40 m,and the Angle A D Boppoliteto the (ide required, to be 
122gy. wherefore I extend the Compaſſes inthe Line of Sines, from 
14 gr, 49 m.unto 122 gr. or (which is all one )" zo 58 gr. ( for after 
90 gr. the Sine of 80 gr.isalſorhe Sine of 100 gy, and the Sine of 70 gr. 
the Sine of 110 gr. and ſo inthereft) ſo ſhall I find the ſame exten; co 
reach in the Line of Numbers, from 100 unto 335. And ſuch is the di- 
ſtance required between A'and B, | : 

, @g In 


4 


- 


- — 1 _ 
- - 


- v L 


a FI 


— 
\.<Y 


* 


226. The whe of-the line of Sines and Tangents, 

In like manner I exrend my Compaſſes from the Sine of 14 gr. 
40 m, tothe Sine 43 gy. 20 m. the ſame extent will reach inthe Line 
ot +—wminh from 100t0271. And ſuch is the diſtance between D 
and B, | 


a nÞ — — 


Or in croſs work, I may extend the Compaſſes from 14 gr. 40m. 
the Sines, unto 100 parts in the Line of Numbers, ſo the ſame ex- 
tent will give the diſtance from 58 gr. to 335 parts, and from 43 gr. 
209 t0 271 parts, 


2. Having two ſides given, and one Angle oppoſite to either of theſe [ides, 
to find theother two Angles and the third fide. 


As the (ide oppoſite to the Angle given, 

is to the Sine of the Angle giyen:. 

So the other (ide given, 

| tothe Sint of that Angle to which it is oppoſite. 

So inthe former Triangle, having the ewo lides, AB335 Paces,ahd 
A D1coe paces, and knowing the Angle A D B, which is oppoſice co 
the fide A B, to 122 gr.. I may find the Angle A B D,which is oppolite 

eo 


* 


joyned with the Line of Numbers. 227 
to the other ſide AD. For if Iextend the Compaſſes from 335 unto 
100 inthe Line af Numbers, I ſhall find the ſame extent to reach in 
the Line of Sines from 1 32 gr.to 14 gr. 40 wand therefore ſuch is the 
Angle ABD. . - 

Then knowing theſe two Angles ABD and ADB, Imay fird the 
third Angle B A D eicher by ſubtraion or by Complement to 180, to 
be 43 gr. 20 w, and having three Angles and two (ides, I may well 
find che third (ide D B, by che former Propoſition. ' 

This may bedone more readily by croſs work. For if I extend the 
Compaſles from 335 parts, in the Line of Numbers, to the Sine of 
122 gy. the ſame extent will reach from 100 parts to the Sine of 14 gr. 
46 »». and back from 43 gr. 20m. to 271 parts; and ſuch is the third 
lide DE. 


3. Having two fides and the Angle between them, to find the two other 
Angles and the third ſides . 


If the Angle contained between the two (ides be a right Angle, the 
other two Angles will be found readily by this Canon. 


As the greater lide given, 
isco the leſſer (ide : 
Sothe Tangent of 45 gr. 
to the Tangent of che leſſer Angle. 


Sointhe ReQangle triangle, AI B, knowing the fide AItobe244, 
and che fide I B230 : it I extend the Compaſſes from 244 to 230 in 
the Line of Numbers, the ſame extent will reach from 45 gr. to abour 
43 gr. 20m, in che Line of Tangents; and ſuch is the lefſer Angle 
BAI, and the Complement 46 gr. 40. ſhews the greater Ang'e 
A BI. The Angles being known, che chird fide A B may be found by 
the firſt Propoſition. 

So likewiſe inthe exzmple of the third Chapter of this Book, con- 
cerning taking of Angles by the Line of Inches, where the parts in- 
rercepted on the Staff being 20 Inches, and the parts on the Croſs 9 
Inches, it was required to find the Angle of the Aleitude, For, 

I may extend the Compaſſes in the Line of Numbers, from 20 un- 
to 9, the ſame extent will rezch.in the Line of Tangents from 4.5 gr.to 
24 £1.14 
Gg 2 Oc 
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Or-in croſs work, ; 

Imsy extend the Compaſſes from 20 pres in the Line of Numbers, 
to the Tangent of 45 gr. the ſame excent ſhall give the diſtance trom 
9 parts, unto the Tangent of 24 gr. 14 m1, 

And ſuchis the Angle of tbe Altitude required. 

IF che parts intercepted on the Scaff being 20 Inches, and the parts 
en che Croſs 9 tenth parts of an inch,it were requiredto find the An. 
gle of the Alticude, Here the Angle would be much leſs, and the g 
would fsll out of the Line of Numbers. : 

To ſupplythis defeR, I uſe che Tangent of 5 gr. 43 mv. inſtead of 
the Tangent of 45 gr. And thenif Iextend the Compaſſes inthe Lice 
of Numbers from 20 unto 9, the ſame extent will reach inthe Line of 
Tangents from 5 gr. 43 mm, unto 2 gr. 35 w. , : 

Or in Croſs work, if I extend them from 20 parts inthe one Line 
cf Numbers, unto the Tangent of 5 gr. 43 ».. the ſame exten will 
give the diſtanee-from g.in we Line * Numvers, unothe Tangent of 
2.97. 35m. . - neal 

And ſuch is this Angle ofthe Altitude required. | 

Bur if it be an oblique Angle that is contained between thetwo (ides 
given, the Triangle may bereduced into two ReQangle Triangles, 
and then reſolved as before. | 

As in the Triangle ADB, where the (ide AB is 335, and the ide 
A D 100, and the Angle BAD 43 gr. 20m, If Ilet down the Per- 
pendicular, D H upon the (fide AB, I ſhall have two ReQangle Tri- 
angles, AHD, DHB; and in the Reangle A H D; the Angle ar 
A being 43 gr. 20 w. the other Angle A D þH will be 46 gr. 49m. 
and with theſe Angles andthe fide AD, I may find both A H and D H, 
by che firſt Propetiicn. | 

Then raking A.H out of AB, there remains H B for the (ide ofche 
Recargle D-H B, and therefore with this (ide i B and the other (ide 
H D, 1 may find both the Angle at B, and the third fide D B, as inthe 
former part of chis Propolition. \ 

Or I may find the Angles required, without ſetting down any Per- 
pendicular, For, | 5. 


As the ſum of the (ides; 
is tothe difference of the (ides : 
So the Tangent of the half ſum of che oppalice Angles, . 
to.the Targent of half the difference berween thoſe Angles. 
As 


joyned with the Lint of Numbers, 22D 
As in the former Triangle A D B, the ſumof the (lides A B, AD, is 
439, and che difference berween them 235 ; the Angle contained 
43. gr. 20 mw. and therefore the ſum of the two oppoſite Angle; 
136 gr. 40 mm, and the balf ſum 68 gr, 20w. Hereupon I extend the 
Compaſles in the Line of Numbers from 435to 235, and I find them 
torezch inthe Line of Tangents from 68 gy, 20 mw. unto 53 gr. 40m. 
and ſuch is the half difference between the oppoſite Angles at Band 
D; This balf difterence being added to the halt ſum, doth give 122 gy. 
for the greater Angle A D B: andbeing ſubtraſted, ic leaverh 14 gy. 
40 m. forthe lefler Angle A B Dythen the three Angles being known, 
the third ſide B-D may be found by the firſt Propotition. 


4+ Having the three ſides of -a right Lins Triangle, to find the three 
eAngles.. 


Let one of the-three fides given be the Biſe, but rather the greater 
ſide, that the Perpendicular may fall wichin the Triangle ; then ga-- 
ther the ſum, and difference of the two other lides, and the propor- 
tion will bold, . 


As the Biſe of che Triangle, 
is tothe ſum of the lides ; 
Sothe difference of the lides 
* to a fourth, which being taken forth'of the, Baſe, the Perpen- 
dicular ſhall fall on the middle of che remainder. 


As in the former Triangle A D B, where the Baſe AB is 335; the- 
ſam of che lides AD and D B 371, and the difference of them 171; 
If I extend the Compaſſes in the Line of Numbers from 335 hnto 371, 
I ſhall find the ſame extent to reach from 171 aato 189. 4. This fourth 
Number I rake out of the Baſe 335: 0. and the remainder is 145. 6, 
the balf whereof is 72. 8, and doch ſhew the diſtance from A unto H, 
where the Perpendicular ſhall fall, from the Angle D, upon the Baſe 
A B, dividing the former Triangle A D B into two right Angle Tri- 
angles, DH A and DH B, in which the Angles may be found by the . 
ſecond Propolition. | | 

And this may ſuffice for the right Line Triangles, but for the more 
eake protration of theſe Triangles, I will ſer down one Propolition 
more concerning Chords. 

x 5, Having. 


—_— 
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5. "i Semidiameter of a Circle, to find-the Chords of every 
e/frk: 


As the Sine of the Semiradius of 3 2 gr. 
totheSine of half the Ark propoſed: 
| So is the Semidiameter of tbe Circle given, 
tothe Chord of the ſame Ark. ? 


As if in the protraRting the former Triangle A D B, it were re- 
quired to find the length of a Chord of 43 gr, 20 mw. agreeing 
to the Semidiameter A E, which is known co be three Inches. 
The half of 43 gr. 20m. is 21 gr. 49 w. wherefore I extend the 

" Compaſſes from the Sine of 30 gy. to the Sine of 21 gr, 40 m. 
and I find the ſame extent-to reach in the Line of Numbers frem 
3. ©0O parts to 2,215. which ſhews, that the Semidiameter being 
_ Inches,the Chord of 43 gr.20 .. will be 2 Inches and 215 parts 
of 100, 

Inlike manner the Chord of - 58 gr. agreeing to the ſame Semidia- 
meter, would be found to be 2 inches and 909 parts. For the half of 
58 being 29; if Iextend the Compaſſes in the Line of Sines from 30 
gr.t0 29g. the fame extent will reach in the Line of Numbers from 
3. ©OO, unto 2. 90g. | 

Or in Croſs work, if Iextend the Compaſſes from the Sine of 3o 
gr. to 3.000 in the Line of Numbers, I ſhall find che ſame extent ro 
reach trom 21 gr: 40m». to 2,215 parts, and from 29 gr. to 2. gog 


parts, 8nd from 7 gr. 20 #9, t0.795 parts ; for the Chord of 14 gr. 
40 m. for the third Angle A BD. 


CH AP. 
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CHAP. X, 


The *®[e of the Line of verſed Sines. 


T His Line of verſed Sines is no neceQary Line, For all Triangles, 
borh right lined and ſpherical may be refolved by clic chree tor- 
mer Lines of Numbers, Sinesand Tangenes ; yer I cthoughe good co 
pur it. on the Staff for the more eatie finding of an Angle having 
three ſides, or a fide having three Angles of a ſphericdl Triangle 
ven. 
. Suppoſe the three {:desto be, one of them 100 gr. che other 7B gy. 
and the third 38 gr. 30 m. and lec i be required ro find che Angle, 


whoſe Baſe is 11d py.. 
I firſt add them together, and from half cheſum ſubtraRt the Baſe, 


noting the difference afrer this manner, 


The Bafe ITO gr, Om. 
The one (ide I © 
The other (ide "os yq* 
The ſum of all three- 226 39 
The halt ſum . 83-2 
The difference "=. 


For ſo the proportion will hold. 


1 As the Radius 4 
to the Sine of one of the lides : 


So the Sine of the other (ide, 
to a fourth Sine, 


2 As this fourth Sine, 
to the Sine of the balfſum : 


ome Sine of the difference 
| (d a ſeventh Sine, 


3 The 


OE 
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3 The mean proportional berween this ſeventh Sine and the Radius, 
will ſhew the Sine of the Complement of half the Angle required. 

This done, I come to the Staff, and extend the Compaſies from the 
Sine of go gy. tothe Sine of '78 gr. whictris one of the lides ; and ap- 
plying this extent from the Sine of the other (ide 38 gr. 30 we. I find 
it coreachtoa fourth Sine, about 37 gre30 mv. From this fourth Sine 
of 37 gr. 30 m. extend the Compates again, to the Sine of the halt 
ſum 113 gr. 15 wv». (which is all one with the Sine of 66 gy. 45 wm. ) 
and this tecond extent will reach from the Sine of che difference 3 gr- 
15 tothe Sine of 4 gr. 54 mw, 

Thento find the mean proportional Sine between this ſeventh Sine 
of 4gr.54w.and the Sine of go gr. I might divide the ſpace between 


_ ehem.into ewo equal parts, and ſo I ſhould find the Compaſſes to ſtay 


at.17 gr. whoſe Complement is 73 gr- and the double of 73 gr. is 146 
gre the Angle oppoſite to 110 gr. which wasrequired. X 
Buc becauſe this divifion is ſomewhat troubleſome T have therefore 


added this Line of Verſed Sines, char having found the ſeventh Sine 


you might look over againſt it, and there find cthe'Angle. And ſoin 
chis example having Fund the ſeventh Sine to be 4 gr, 54 #. over 
againſt chis Sine you ſhall find 246 gr; in the Line of Verſed Sines for 
the Angle required as before. ! 


© require help only of the Line 
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Of the uſe of the former Lines of Pro- 
pofition more particularly exemplified 
in ſeveral kinds. 


=+< He former Book containing the gene- 
So ral uſe of each Line of proportion, 
may be ſufficient for all choſe which 
know the Rule of Three, and the 
dearine of Triangles. 

But for others, 1 ſuppoſe it would be more dif 
ficult ro find either the Declination of che Sun, or 
bis Amplitude, or the like, by that which hath 
been ſaid in the uſe of the Line of Sines, unlef: 
they may havethe particular proportions,by which 
ſuch propolitions are to be wrought. 

And therefore for their ſakes I bave adjoynec 
this ſecond Book, containing ſeveral proportion: 
for propoſitions of ordinary uſe, and ſet them 
down in ſuch order, that the Reader conſidering 


6 | 2 
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which is the firſt of the chree Numbers g'ven, may [y 


ealily apply them to che Sector, and alſo reſoly: 
them by Arithmetick, . begianing wich choſe whic! 
Numbers. 


Hh CHAP; 
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- CHAP. L 


The uſe of the Line of Numbers in broad meaſure, ſuch as Board, 
| Glaſs, and the like. 


J'* ordinary meaſure for breadth and: length are feer and inches, 


exch foot divided into 12 inches, and every inch into halves and 
quarters, which being parts of ſeveral denominations doth breed mnch 
eroable both in Arichmetick and the uſe of inſtruments, 

For the avoiding whereof, where I may prevail I give ehis counſel, 
that ſuch azare delighted in meaſure would uſe ſeveral Lines, firſt a 
Line of inck meaſure, wherein every inch may be divided into 10. 
or 100 parts ſecondly, a Line of foot meaſure, wherein. every 
foot may be divided into 100 or 1000 parts, both which Lines may 
be ſer on the ſame fide of a two foot Ruler, after this or the like 
Manner. 


Then if chey beto give the content of any Superficies cr Soli{in 
inches, they may meaſure the (ides of ir by the Line of inches and 
pares of inches 3. but if they be to give the content in feet, it would 
be more ealie for them to meaſure thoſe lides by the foot Line and his 
parts, 

X For example let the length of a Plain be 30 inches, and the 
breadth'21 inches-and £, of aninch z_this length multiplied into che | 
breadth, would give the contenc to be 648 inches : bur if Iwere 
ro find the content of the ſame Plane in feer, I would meaſure the 
ſides of it by the foot Line and hisparts; ſo the length would prove | 
to be two feet £2., and the breadth one foot *;., and che length 
mukiplied by the breadth, cutting off che four lait figures, for ahe 
four figures 6f the parts, would give the content to be 4- oops 

| whic 


The uſe of the Line of Nunbiys in breed weefure; 235 
which is 4 foot and 5000 parts of a foot, divided into 10000 
Parcs. 


21, 6 2. 50 
30, © 1. 80 
948.00 20000 
250 
4 5009 o 


The like reaſon bolderh for Yards and Ells, and all other meaſures 


divided into 10, 106 or 1000 parts, 
This being preſuppoſed, the work will be more eafie both by 


Ariechmetick and the line of Numbers, as mzy appear by theſe Pro- 
politions. ; 


—_————____—_ 


Sgcr. Il. 
Of the Menſuration of Oblong Superficier, and Triangler. 


t. Having the breadth and | an Oblong SmperScies given in inch- 
ws, to find the _ 4 inches. 


$ one inch unto the breadth in inches, 
A.Sothe length in inches uato the content in inches, 


_ in the Plane A D, the breadth A C to be 30 inches, and the 
length A B tobe 183 inches ; extend the Compaſles from 1 unto 30, 
the ſame extent will reach from 183 unto 5496 ; or extend them from 
x unto 183 the ſame extent will reach from 30 unto 5490. So both 
ways the content required is found te be 5490 inches. 
Az 1 unto 30: ſoare — $499, 
2 


2, Having 


_—_ - / 
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Y Having the breadth and length of any Oblong Superficles given is 
inches, to find the content in feet, 


As 144 inches untothe breadeh+r tmches : 
So the length in inches unto the content in feet. 
And thus in the former Plane A D, working as before,” the content 
will be found to be 38. 125, which is 38 foor and & of a foot. 
As 144 unto 30, ſo'are 183 unto 38. 125, 


3. Having the length and breadth of any Oblong Superficies given in foot 
meaſure, to find the content in fett. 


As 1 foot untothe breadch in foot meaſure: 

So the length in feet unto the content in feet, ; 

And thus in the former Plane A D, the breadth will be two feet 50 
parts, and the length 15 feet 25 parts ; then working as before, the 
content will be found to be 38. 12g, 

As x unto 2. 50: ſoare 15. 25 unto 38, 125, 


4. Having the breadth of any Oblong Smperficies given in inches, and the 
.. Jengih in fort meaſure, tofind the coment in feet, 


As 12 inches tothe breadth in inches : 
So the lergth in feet to the content in feer, I 
So alſo in the former Plane, the content wilt be found to be #B. 
12 5, 


—— CD . Hvſq0ÞV 


As the 12 unto 30:foere T5, 25 umo7Js3T717; * 


5. Having the breadth of au Oblong Superficies given in inches, to find 
the length of a foot ſuperficial in inch mea[wre, 


Asthe breadth in inches, ugto 144 inches 2 
So 4 foot unto the length in inch meaſure, 
So the breadeh-being 3o inches, the length of a foot wilt be found 
to be 4 inches 80 parts, the lenpeh of two feet 9 inches 6o parts, 
As 30 unto 144; ſo are T unto 480, 


6, Having 


-—— —— 


6. Hiving the breadth of an Oblong Sup ficler ginen in feet;\t0 fu the 
length of a foo ſmperficial my mg ok 


As the breadth in foot meaſure to x foot: FE: $30 
So the number of feer tothe length in foot meature. 
So the breadth being 2 feet $0 res, the lenpth of a foot will be 
found to be 40 parts, the length of 2 feet 80 parts, and the length of 


3 feet 1 foot 20 partsg&c. 
As250unto I : ſoare 1 unto ©, 40, 


7. A four fided Sup'rficies having any of the two fideo Parallels, to find 
the Area. 


Add the two Parallel (ſides together, and take the half,then ſay, 


As 1 
is to the half ſum of the two Parallel ſides : 


So is the breadth ( or length ) 
cothe Ares, ; 


Soin the four ſided figure A having one of-the parallel (ides in 
lergth 23, 25 foot, and the other, 19. 7g foot, the ſum of themis 
43- 00 foor, ( the half whereof is 21, 5o foot) and the breadth 14, $. 
the Area or content of this Superficies will be found to be 311,75 
oor. 

Extend the Compaſſes from x to21.50 ( the mean length ) the 
ſame extert will reach from 14.5 (the breadth ) co 3171, 15 the Area 
or content. | 


8. Tofind the Area or congent of a Triangle, the longeſt ſide and the Por» 
pendicnlar being given, 


As 1 

is tothe half length of the Baſe : 
So isthe length of the Perpendicular | 
tothe Content or Ares. 


The wſe of the Line of Namber: 
So the —_ B, having the Baſe 33 

foor, and the Perpendicular-2g5 foot, the 
Area will be found to be-400 foot. 

Extendthe Compaſſes frem 1 t0:46, ( half 
the Baſe ) che ſame extent will reach from 
28 (che Perpendicular) co 400 the Ares. 

Or, extend the Compaſſes from 1 to 12.5: 
( half che lengch of che Perpendicular) the 
 fameextent will reach from 32 ( che whole 
Baſe) to 400 8s before, 

Or, extend the Compaſſes from 1 to 32, the ſame extent will reach 
from 25 to.800, the double Area. 


9. The fide of an Equilateral Triangle being given, to find the Area. 


As 1000, 
i$t0433,01, 

$0 is the Square of the fide of the Triangle; 
co the Area. | 


So the ſide of an Equilateral Triangle being 17. 5 feot, the Ares 
will be found to be 132.61 foor. 

Extend the Compaſſes fromTeoo to 433. 01, the ſame Extent wil 
reach from 306.25 ( the Square of the (ide of the Triangle) to 132. 
61, the Area. 


10, To find the Area of « four fided fignre, whoſe fides are neither equal 
nor parallel one to the other, which fignres are called Trapezias. 


All four lided figures whoſe (ides are neither equal nor parallel, 
maſt be reduced into ewo Triangles, by drawing a Diagonal Line 
from any one Angleto its oppoſite, upon which Diagonal two Perpen- 
diculars muſt be let fall; chen, 


As1, . 
is:0 halt the length of the Diagonal : 


So isthe length of both the Perpendiculars, 
To the Area, or Content. 


j | - 5 So 
TE WOhe of Silrund Cider 


— 


in broad meſure. 
So in the Trapezia C, the 
Diagonal is 68, (the balf of 
itis 34) andthe two Per- 
pendiculars are 32 and 19, 5% C 
their Sum is 51. Then, 
Extend the Compaſles 
from 1:to 34. { ba'f che Di- 


agonal |) the ſame extent - 
wall reach from 51 (che ſum 68 | 19 
of the Perpendiculars ) to | 
1734 the Ares, 


Or, excend 'the Compaſ- 
ſes from 1 to 68 ( the Diagonal ) the ſame extent will reach from 25, 5 
( halfcbe ſum of the two Perpendiculars ) co 1734 as before. 

In all other righe lincd figures, of how many ſides, or how irre- 
gular ſoever, before they can be meaſured they muſt (by drawing of 
Lines from Angle to Angle )bereduced into Triangles or Trapeziat, 
and ſo be meaſured by theſe ewo laſt Precepts. 

And here note, That when any irregular figure (is thns reduced 
into Triangles, the number of Triangles will be leſs by ewo 
than che number of the (ides of che irregular figure, FJ}. 


11; Having the length and breadth of an Oblong Smperficies, to find the 
fide of a Square tqual to the Oblong. Ps Of 


Divide the ſpace between the length and the breadth into two equal 
parts, and the foot of the Compaſſes will ſtay at the (ide of the - 
ſquare. ; | 

So the length being 183 inches, and the breadch 30 inches, the (ide - 
of che ſquare will be found to-be 74 inches, and almoſt 10 parts of - 
190, 

Or the breadth beiag 2 foot and 50 parts, the length 15 foot and - 
25 parts, the lide of the ſquare will be found to be about 6 feet and - 


17 parts. 


As 30 unto 74, 10 : ſo are 74, 10 unto 183), 027, 
And as 2, 50 unto 6,174; ſoare6, 174 ynto 15, 247+ 


_ OC ces ec Ie ut. As en 2 CEC IRAs us 4 
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SscT. II. 
Of the Menſuration of Regular Polygong, 


B: Regular ?olygons are meant all ſuch figures whoſe ſides and 
Angles are above four, and are all equal. Asthe 


Pentagon Y_.--” {Kh 
Hexagon ] | 6 
Hepragon | which conli- 47 Equal (ides and 


Octagon ſeth of 8 | Angles; 
Nonagon | b 
Decagon J; Coy 


And the Area of any of theſe Regular Polygons is equal to a Paral- 
lelogram, whoſe length ſhall be equal co half the Perimerer,and whoſe 
breadth equal to a Perpendicular drawn from che Center of the figure 
ro the middle of any of the (ides of the Polygon. 


I. The fide and Perpendicular of a Pentagon being given, to find the 
As 1 | 


Area. 

A P 
is to the Perpendicular 
: ($8, 258; 
av *Y So is half the Perimeter 
B (30in 

E 
H 


To the Area 247. 74 
( inches. 


- ; 

Y : N $0 in this Pentagon, where 
: the lideC D ( and fo all che 
reſt ) contains 12 inches, and 

[| the Perpendicular H Z,8,258 


DS» Lc inches,the Area will be found 
to be 247. 74+ 
Extend the Compaſſes from 1, to 8. 258, (the Perpendicular )- che 


ſame extent will reach from 30 ( which is half che engabol, atl the 5 
ſides) to 247. 74the Ares. *. 7 be 


| inboard meaſure: Mr 
2, T he Side and Perpendicular of aus Oftagon (vr fignre of 8 ſider) being 
given, to find the Area. 


As! 
. is tothe Perpendicular 14. 4f, 
So is the Semi- Perimeter 48. 
to 695. 04 the Area. 


So a regular Polygon of 8 fides, each (ide containivg 12 inches. 
and the Perpendicular 14 48 inches, the Area thereof will be found 
to be 695. 04- 

Extend the Compaſſes from 1 to 14. 48 the Perpendicular, the ſame 
extent will reach from 48 ( half the Perimeter )co 695 04. the Ares. 

And in this nature, may any Regular Polygon, of what number of 

ſides ſoever, be meaſured. 


Szcr, II. 
_ Of the Menſaration of Circles: 


” - 
T He Proportion of the Diameter of a Circle to its Circumference 
as 7 is to 22. but Ladelph Yan Culev comes ſomewhat nearer, 
allowing theDiameter tothe Circumference to be(near )as 113 to 355, 
which” proportions I ſhall uſe in the following Problems. 


I. The Diameter of 4 Circle being given, to fipd the Circunpference. 


As113ist0355! 
So is the Diameter to the Circumference. 


So the Diameter of a Circle being 15 inches, the Circumference 
will be found to be 47.12. | 

Extend the Compaſſes from 113 to 355. the ſame extent will reach 
from 15 the Diameter, to 47. 12 inches the Circumference. 


Ii 2. The 


2.6 The uſe of the Line of Numbers 


2.. The (iroumſerenceof # Circle being give, to find the Diametrr, 


As 35$ist013}3 
So is the Circumference tothe Diameter. 


Sothe Circumference being 47+ 12, the Diamerer will be found to 
be 15 inches, : 

Extend the Compaſſes from 355 to 11 3, the ſame extent will reach 
backwards from 47.12 t015. 


3. The Dlamejer of aCircle being given, to find the Area, 


as 28 

isro 23 2 6 
So is the ſquare of the Diameter 225 

tothe Area 176, 61; 


So the Diameter being »5 inches, the Area will be found to be 
176. 61. 

Extend the Compaſſes from 28 backwerds to 22, the ſame extenr 
applied ( the ſame way ) will reach from 225 ( the Square of the Dia- 
meter to 176, 61, the Ares, 


4. The Area of a (rele being given, to find the Dlamtgr. - 


As 22 
isto 28 : * 
So is the Area 196, 61, 


to tl. e Square of the Diameter 225. 


So the Area of a Circle being 196. 61 inches, the Diameter will be 
fondo be 15 inches. 

Extend the Compaſſes from 22 to 28, the ſame extent will reach 
from 196. 61 to 2247.08 the Square 'of the Diameter, the middle 
way upon the Line between 2247..08-and 1, is 15 the Diameter. 


5. The 


i bard meaſure. w_ 
5. The Clrownference of 4 Ctrele being given, ts find the dex. 


As 88 
is 78 7 | 

So is the Square of the Circumference 2220, 29 
rothe Area 176, 61, 


So the Cray of a Circle being 47. 12, the Area will be 
found to be 178. 61 inches. 6 

Extend the Compaſſes from 88 to 7,the ſame extent will reach from 
2220, 25 ( the ſquare of the Circumterence ) to 176. 61 the Ares. 


6.The Area of aCircle being given, to find the Circumference. 


As 7 
isco $8: 
So is the Area 176. 61. 
co the Square of the Circumference 2220. 29, 


So the Area of a Circle being 176. 61, the Circumference will be 
found to be 47. 12. | 

Extend the Compaſſes from 7 to 88, the ſame extent will reach from 
176. 61, the Area to 2220. 2g, the Square of the Circumference, 
= half diſtance between 1 and 2220, 29, is 47. 12 the Circum- 

Ence., 


7. Having the Diameter of a Circle, to find the fide of a Square equal to 
that Circle. | 


As 10000 to the Diameter : 
So 8862. unto the(ide of the Square. 


So the Diameter of a Circle being 15 inches, the (ide ofthe ſquare 
will be found about 13 inchesand 29 parts. . 
As 10000 untoB862: 0 are 15 unto, 29, 
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#4 


8. Having the Circumference of a Circle, to find the fide of a Square 
equal to the ſame Circle, | | 


As 10000 to the Circumference :; 
So 2821 ro the {ide of the Square. 


Pd 
So the Circumference of a Circle being 47 inches 13 parts, the (ide 
of 'rtie Square will be about 13 inches 29 parts. 
As 10000 unto 2821 : ſoare 47, 13 unto 1:3$9. 


SBCT. IV. 


Of the Menſuration of Land by Perch and Acres, 


1, Having the breadth and length of an Oblong Smperficies, given in 
Perches, to find the content in Perches. 


$ 1 Perch, co the breadth jn Perches:; 
So the length in Perches, to the content in Perches. 


So in the former Plane A'D, if the breadth A C be 30 Perches, 
and = lengeh A B 183 Perches,- the content will be found co be 5490 
Perches. 


2. Having the length and breadth of an Oblong Swperficles given in Per- 
SE to find the content in Acres, ns 6 | 


As 160, to the breadth in Perches : | 
So the lengeh in Perches, to the content in Acres. © 


So in the forter Plane A D, the contenc will be found to be 34 
Acres, and 31 Cgnteſmes, or parts of 100, 
As 160, unto 30 : Soare 183, unto 34, 31, 


To ang ment a Swuyerficies in a proportion, 
T diminiſh a Sup*rficlet in a proportion given. 
A Table 


A Table for the uſe of the Chain, 


Long. 
_— Chairs | Acre. 


of a Chain. 
62, 7264 


792 | 2920 * Cenceſmy 


144 


26,5 | 
3600 343 | 
I 


— — 


66 660 


IJ2 


I —_————— 


39204 4 


I —— C— 


627264 


rm 


6272640 l00COO 


— 
— — — 
g— —— 


EL 
> i 
| 


4014489600 | 54000000 | 27878400 
vqUAre. . 


6400 640 | 
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3. Having the length and breadth of am Oblong Saperficies gives in 
Chains, te find the content in Acrev. | 


It being troubleſome to divide the content in Perches by 160, we 
may meaſure the length and breadth by chains, each chain being 4 
+ Perches in length, ahd divided into 100 links, then will the work be 
more eafie in Arithraetick. For, 


As 19 t6 the breath in Chains: 
Sorhe levgrh in\Chains, to the content in Acres. 


And cus in the former Plane A D, the breadth A C will be 7 
--Chains 50 Links, and the length A B 45 Chains 75 Links ; hen work- - 
ing as before, the content will be found as betore, 34 Acres 31 parts. 


4. Having the Perpendicular and Bafe of a Triangle given in Perches, to 
Ga the content in Acres. . 


If the Perpendicular go for the breadth, and the Baſe for the 
length, che Triangle will be the balf of the Oblong, as the Triangle 
CE D isthehalf of the Oblong A D, whoſe content was found inthe 
former Propoſition. Or withont halfing. 


As 320 to the Perpendicular : 
So the Baſe, to thecomtent in (Acres. 


So inthe Triangle C E D,the Perpendicular being 36, and che Baſe 
183, thecontent will be found to be about 17 Acres and 15 parts. 


5. Having the Perpenticalay and Baſe of a Triangle given in Chains, to 
find the content in Acres, 


As 2otothe Perpendicular : 
So the Baſe, tothe content in Acres. 


And ſo inthe Triangle CED, the Perpendicular EF being 5, 56, 
and the Baſe C D 45, 75, the content will be found, as before, co be 
about 17 Acres 85 parts. ; 


6. Having 


in Zaxbavenſure, 247” 


6. Having the content of « Saperfivier ind of P 6 the 
—_ of the [axur Saperffer — can Nerv m Lo fork 


As the length of the ſecond Perch , 
co the lengrh of che firſt Perch : 

So the content in Acres toa fourth number ; 
and that fourth roche comentin Acres required; . 


Suppoſe the Plane A D meaſuted with a chain of 66 feet, or with a 
Perch of 16 feet and an half, cantained 34 Acres 31 parts; and it were 
demanded how many Acres it would contain, if it were meaſured 
with a chain of 18 foot tothe Perch : theſe kind of Propoſitions are + 
wrought by the backward Rule of three, aſter « duplicate proporti- 
on. Wherefore I extend the Compeſſes from 16, 5 unto 18, o, and the 
ſame extent doth reach backward, firſt from 34,31 to 31,45, and 
then from 31, 45 to 28, 84, which ſhews the content to be 28 Acres - 


84 parts. 


7, m_— the plot of a Plane with the content in Acres, to find the Scale | 
by which iy was plotted. | 


Suppoſe .the Plane A D, contained 34 Acres 31 Centeſms; if I | 
ſhontemeaſureiir-with a'Scale of 10 in the inch,'the length A B would 
be 38 Chains, and abour T2 Centeſms, and the breadth A C, 6 Chains . 
and 25 Centeſms; and the content would be found by the third Propo- 
ſition of this Chapter, to be about 22 Acres 82 parts,yhereas it ſhould 
be 34 Acres 31 parts. | 

Wherefore I dividethe diſtance between 23, 32 and 34, 31, upon +: 
the Line of Numbers, into ewo equal parts ; then ſetting one foot of 
the Compeſſes-upon 10, my-ſuppoſed Scele, I find the other to extend - 
eo 12, which & the Scale required, 


8. \Rhrving the-lengtirof -rhe Faviony, to find the brendrh of the Acre. - 


As the length in Percher, to 160 : 
So x Acre tothe btcadth in Perches. 


So the length of the Furlong being 40 Percher, the breadth go an 
cre 


w — S— > 
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Acre will hold found to be 4 Perches. If the length be 5o,the breadth 


for one Acre mult be 3, 20, the breadth for ewo Acres 6,40, 
Oc if che length be meaſured by chains. 


As the length in chains unto 10: 
So r Acre to his breadth in chain meaſure. 


So the length of the Furlong being 12 Chains 50 Links the breadth 
for one Acre will be found to be $o Links, the breadth for two Acres 
I Chain 60 Links. 

' As 12350, unto io : for nanto ©, 80. 


Or if the length be meaſured by feet meaſure : 
As the length in feet, unto 43560: . 
So 1 Acre) to his breadth in toor meaſure. 


Sothe length of the Furlong being 792 feet, the breadth for one 
Acre will be found to be 55 feet, the breadth for two Acres 110 teer. 


—_____@O—A 


CHAP. III, 


 Thenſe of the Line of Numbers in ſolid meaſure, ſach as Stone, 
Timber, and the like. 


SECT. I. 
Of the Menſwration of Regular Solids. 


| 'T _—_ —_ 
[i mmm——_ 


1 Having the fide of a Square equal to the Baſe of any Solid given in 
inch meaſure, to find the length of a foot Solid in inch meaſure. 


He ('de of a Square equal to the Baſe of a Solid, may be 
ound by dividing the ſpace between the lengeh and breadth 
into 


in ſquerrd Solas; 245 
into two equal parts, us in the ſeventh Propoſition of broad mea- 
ure. 

As the ſide of the Square in inches, to 47, 57 2 


So is 1 foot,to a fourth aumber z 
and that fourth to the leogeh in inches, 


So in the Solid A H, the (ide of the fquare equal tothe Baſe E C, 
being about 25 inches 4 5 parts, the length of a foot Solid will be found 
about ewo inches 67 pares, and the length of cwo foot Solid 5 inches 


34 parts. 
5 


As 25,45, unto 41, 57 :ſa1,00, unto 1,63 
and ſo are 1, 63, unto 2, 67. 


2. Having the fide of a Square equal ts the Baſe of any Solid given in 
foot St to find the length of a foot Solidin foot meaſure. 


As the (ide of the Square in feet, unto 1 : 


So is 1, unto a fourth number ; 
And that fourth, to the length in foor meaſure. 


So in the Solid A H, the'ſide of the Square equal to the Baſe E C, 
being about 2 foot 120 parts, the length of a foot Solid will be found 


about 222 parts of a foot, 


As 2, 120, unto 1,000 ; ſo 1,000, unto © 471, 
and ſoare 471, unto 222. 


3. Having the breadth and depth of « ſquared Solid given in fort mea- 
[ure, tofind the length of a foot Solid in fot ms 


As 1, unto the breadth in foot meaſure : 
Sothe depth in feet toa fourth number : 
which is the content of the Baſe in foot meaſure, Then 


As this fourth number, unto I 3 
$0 1, umo the length in-foor meaſure. 


Kk $9 
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$o in the Solid A H; the breddth being 2 foer 5o parts, the depth 
1 foot 80 parts, the content of the Baſe EC will be found 4 foot 50 
parts, and the length of one foot Solid about 22 2 parts, the length of 
two foot Solid about 444 patts of 1000. 


As 1,00 unto 2, 50 : ſo att 1,80 unto 4, Fo. 
As 4, 50 unto 1,00 2 fo 1,000 unto O, 223. 


t. Having the breadth and depth of a ſquared Solid gives in inchey, to 
find the length of five Solid in inch meaſure. 


As 1 hath to the breadth in inches : 
So the depth in inthes toa fourth number ; 
Whichis the content of the Baſe in inches. Then, 


As thiz fourth auinber ito 1728: 
SA r Bed the lenged of « foot in inch Meaſure, 


S0 in the Solid AH, the breadth A C being 30 inches, and the depth - 
AE 21 inches 60 parts, the conttht of the Baſe E C will be.foundto 
be 648 inches, and the length '6f « foot Solid abou 2 inches 67 parts, 
the length of ewo foot Solid 5 inches 34 parts. 


As t vnto 34, 6 :fo 30 unto 648. 
As 648 unto 1728 : ſo 1 unto 267, 


Or as 12 to the breath in inches 
So the depth in inches to a fourth nnmber. 


As this fourth number t6 1.44 : 
; So 1 unto the Rength of a foot Solid is iach meaſure. 


So in the Solid A H, the breadch being 30 inches, the depth 21 
inches 6 parts, the foorrh turber will be found t0be 54, and the 
Cepth of a foot Solid 2 inches 67 parts, 


As 12 unto 21,6: ſo 30 unto 54- 
As 54 unto 144: ſor nnto 2, 67. 


5. Having the fide of a Square equal to the Baſe of any Solid, nl the length 
thereof given in inch meaſwre, to find the content theredf in feet. 


As 41.57 tothe (ide of the Square ia inches : | 
So the lengeh in inches to a fourth number ; 
and that fourth tothe content in foot meaſure, 


So in the Solid A H, the length A B being 183 inches, and the (ide 
of the Square equal cothe Baſe E C about 25 inches 45 part, the 
fourth number will be found about 112, and the whole Solid content 
about 68 feet 62 parts. 


As 41.57 unto 25.45 :{o 18g unto 112: 
and ſo are 112 unto 68, 62. 


6. Heving the fide of a Square equal to the Baſe of any SollJ, and the 
length thereof given in fo0t meaſure, to find the content thereof is 


feet. 


As 1 to the fide of the Square ia foot meaſure : 
So the length in feet to 4 fourch number ; 
and that fourpb co the content in foot meaſure, 


So in the former Solid A H, thelide of the (quare equal tothe Baſe 
A B, being about 2 foot 12 parts, and the length A B 15 foot 25 parts, 
the content will be found to be about 68-foot 62 parts, 


As 1 unto2.12: ſors. 25 unto 32. 35: 
and fo are 32. 35 unto 68.62, 


T7. Having the fide of « Square equal to the Baſe of any Solid given in 
Inch meaſure, and the length of the Solid giuen.in foot meaſure, to 
find the content theresf in feets 


A412 totheſide of che Square given in inches : 
So the length in feet to a fourth number ; 
and that fourth to the eoptent infoor meaſure. 


Kk 2 
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So inthe former Solid A H, the fide of the Square being 25 inches 
45 parte, the-content will be found to be about 62 feet 62 parts, 


As 12 unto 25.45 : ſolg. 25 unto 32+ 25. 
and ſo are 32.35 unto 68,62. 


8, Having the length, breadth and depth of a ſquared Solid given in 
inches, to find the content in inches. 


As 1 unto the breadth in inches : 
Sothe depth in inches unto the Baſe in inches; Then, 


As I unto the Baſe : 
So the length in inches unto the Solid content in inches, 


So inthe Solid A H, whoſe breadth A C is 30 inches, depth A E 
21 inches, and 6 parts of 10, and.length A B 183, the content of the 
Baſe E C will be found 648 inches, and the whole Solid content abour 
118584 inches, | 


As Ttunto 21. 6:ſoare 30 unto 648 - 
As 1 unto 648 : ſoare 18g to 118, 584 


9. Having the length, breadth, and depth of a ſquared Solid given In 
inches, to find the content in fect, 


As 1 tothe breadth in iaches - 
So the depth in inches to the Baſe in inches. 


As 1728to that Baſe : 
Sothe levgth in inches to the content in feet. 


Soin the Solid A H, the content will be found to be about 65 feet 
62 parts. | 


As 1 unto21. 6:ſo 30 unto 648 : | 
As 1728 uno 648 : ſo 183 to 68,62. 


Or as 12 tothe breadth in inches : 
So the depth in inches ro a fourth oumber. 


i” ſquared Solids © © 249 
As 144 to that fourth nuthber - : 
So the tength in inches to the content in fee?, 


And ſoalſo inthe ſame Solid A H, the content will be found to be 
about 68 feet 62 parts. 


As 12 unto 216: ſo 30 unto 68.62. 
: As144umo54: ſo183 unto 68. 62, 


10. Having the length, breadth, and depth of a ſquared Solid givmn is 
foot meaſure, t» find the content in feet, 


As 1 untothe breadth in foot meaſure : 
So the depth in feet tothe Baſe in feet. 


As 1 unto that Baſe : 
So the lengthin feet to the content in feet, 


And thus in the former Solid A H, the breadth A C will be two foor 
5o parts, the depth A E, 1 foot 80 parts, and the length A B 15 foor 
25 parts ; then working as before, the content of the Baſe A F will be 
found 4 feet 50 parts, and the whole Solid content about 68 foot 62 
parts,which of all others may yery eaGly becried by Arithmerick. 


As1unto2. 50 :ſo 1, 8ounto 4.50. 
As 1unt0 4. 50: ſo15.25 unto 68, 62, 


11, Having the breadth and depth of a ſquared Solid given in inches, and 
the length in foot meaſure, to find the content thereof in feet. 


As 2 unto the breadth in inches : 
Sothe depth in inches unto a fourth number, 
which is the content of the Baſe in inches. 


As 144 hath nnco that fourth number : 
Sothe length in feer to the content in feet, 4 


And ſo inthe ſame Solid A H, the content will be found tobe about 
68 feex 62 parts. 


As 
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As 1 unto 21. 6:ſ030 unto 648. 
As 144 unto 15. 25. ſo 648 unto 68, 62. 


Or as 144 unto the breadth in inches : 
So the depth in inches unto a fourth number - 
which is the content of the Baſe in feer, 


As 1 hath unto that fourth number : 
So the length in feet to the content in feet. 


And ſo inthe ſame Solid A H, the content will be found to be about 
68 feet 62 parts. 


As 144 unto 21,6 :ſ0 30 unto 4. 50. 
As I unto 4.50 : ſo 15.25 unto 68, 62. 


Or as 12 unto the breadth in inches: 
- SOthe depth in inches urito a fourth number. 


As 12 ome this fourth number - 
Sorhe lengrh in feet eo the content ia feet. 


And ſoalſo in the fame Solid A H, the content will be fonnd to be 
about 68 feer 62 parts. 


As 12 unto 21, 6:0 30anto 54. 
As 12 unto 54 : ſo 15,25 unto 68.62, 


A1l thefe varieties \(e#ndduch like not here mentioned ) do follow 
upon the making of the Baſe of the Solid to be E C; there would be as 
many more if any ſhall begin with the-Baſe E H, and:{o!likewifeiif they 
make the Baſeco be FD. 


Sner. I, 
Of the Menſuration of Cylinders. 


1. Having the Diameter of a Cylinder given in inch meaſure, te find the 
length of a foot Solid in inches. 


S che Diameter in inchesunto46 90 : 
Sois1 untoa fourth number: 
Andrthat fourth co the length in inches. 


14 1144, 


So the Diameter of a Cylinder being 15 inches, the 
fourch number, will be about 3, 12, and the length of a 
foot Solid 9 inches 78 parts. 


As 15 unto 46. 90: ſo 1 unto 3.12y, 
and ſoare 3, 127 unto 9. 78. 


2. Having the Diameter of a Cylinder given in foot mea- 
ſure,to find the length of a foot Solid in foot meaſure, 
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As the Dizm2ter in feet unto 1,128 ; 
So is I unto a fourth number ; | 
and that fourch ro the length in toor meaſure. 


So the Diameter being 1 foot 25 parts; the length of 
a foot Solid will be found about $8.14 partsof 1000, 


As1 25 unto 1.128: ſq 1,00to 0, 9027 : 
and ſo are 9027 unte $148, 


3- Having the Circumference of a Cylinder given in inches, to find the 
length of « foot Solid in inch weaſnye. 


As the Circumference in inches to 147. 36 : 
Sois I to a fourth number; 
and that fourth to the length in inchex. 


IT cm — —llltwwtru 
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So the Circumference being 47 inches 1 3 parts,the length of a foot 
Solid wil be found about 9 inches 94 parts, . 


As 47. 13 unto 147, 36: ſo 1.00t0 3.13, 
and ſoare 3,13 unto 9.78, | | 


4. Having the Circumference of 4 (linder given is foot meaſure, te 
the f Ar of 4 foot Solid in foot meaſure. f -—: 


As the circumference in feetto 3,545 - 
Sois I roa fourth number; © - 
and that fourth to the length in fooc meaſure, 


Sothe Circumference being 3 foot 927 parts, the length of a foot 
Solid will be found co be abour 815 parts. 


As 3.927 unto 3,545 »ſ0 1.000 unto 0.90. 3. 
and fo are 903 unto 815. 


5. Having the fide of a Square equal to the Baſe of a Cylinder, to find the 
length of a foot Solid, 


The (ide of a ſquare equal to the Circle,may be found by the eighth 
Propcfition of broad meaſure, and then this Propoſition may be 
wrought by the firſt and ſecond Propolition of Solid meaſure. 


6. Having the Diameter of a Cylinder, and the length given in inches, to 
find the congent in inches. 


As 1.128 untothe Diameter in inches : 
So the length in inches to a fourth number 
- 8fid that fourth number to the content in inches, 


So the Diameter being 15 inches, and the length 105, the content 
0: the Cylinder will be found co beabour 18555 inches. 


As 1. 1284 unto 15 : ſoare-105 unto 1395. $7: 
and ſoare 1395. 65unto 18555. 34+ 
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7 Heving the Diameter and length of 4 Cyljader in foot meaſure, to find 
the content in fett. 


As 1, 128to the Diameter in feet: - 
Sothe length in feer to a fourth number; 
and that fourth to the content in feet. 


So the Diameter being 1 foot 25 parts, and the length 8 foot and 
75 parts, the content of the Cylinder will be found about 10 foot 75 


parts. 


A 1,128 unto 1.25 : ſo 8.75 unto 9, 69; 
and ſoare 9.6g/unto 10, 74+ 


8, Having the Diamer of a Cylinder, aed the length given in inches, to 
find the content in feet. 


As 46, 90 to the Diameter in inches - 
So the length in inches to a fonrth number ; 
and that fourth rothe content in feet. 


So the Diameter being 1 5 inches, and the length r05, the content 
will be found about 10 foot 74 parts. 


A$s46.906 unto 15 : ſo 105 unto 33. 58: 
and ſo are 33. 58 unto 10. 74. 


9. Having the Diameter of a Cylinder, given in inches, and the lewgth in 
feet, to find the content in feet. 


As 3:'54to the Diameter in inches : 
Sothe length in feer, ro a fourth number ; 
and that fourth co the content in feet. 


So the Diameter being 15 inches, and the length 8 foot 75 par'g, the 
content will be found about 10 foot 74 parts. of hs 


Ll of | As 


} | andſo are 33, 58 unto 1074, 


| So the Circumference being 47 inches 1 g parts, and the length 205, 
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As 13.54 unto 15: ſo8.75 unto 9.69; | 
and foare 9.69'uneo T0.74. 


10. Having the Circumference and length of « Cylinder given in inches to- 
find the content in inches. 


I As 3-545.to the Circumference in inches : 
So the length in inches to a fourth number ;. 
and that fourth tothe content in-iaches, 


So the Circumference being 47 inches 13 parts, and the length rog 
inches, the content will be found about 185, 55 inches, 


As 3.545 unto 47. 13:10 105 unto 1396, 
- andſoare 1396 unto 18555. 


11, Having the Circurferencs aud length of a Cylinder given in inches 
to find the content in feet. 


[ As 147. 36 tothe Circumference in inches : 
| So the length in inches to a fourth number 5, 
| : and that fourth ro the content in feet. 


inches, the content will be found about ro foot 74 partte 


As 147.36 unto 47.13 :ſo 105 unto 33.58. 


Mt ah. 


12, Having the Circumf. rence and length of a Cylinder given in foot mea- 
ſure, to find the content in feet. 


As the 3.545. to the Circumference in feet : 


— — ——c___—_————_—— 


So the length in feet to a fourth number ; 
#nd _*har fourth tothe content in feet, 


$0 the Cir -umference being 3 foot 927 parts, andthe length 8 foor 
bY 
7.3 parts, the co. 


"tent will be found to be 10 foot 74 parts. 


As 


\ 4 ty 1.44 _ = 4a. 
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As 3. 545 unto 3, 927: ſo 8. 75 unto 9,69. 
and ſo are 9, 69 nnto 10, 74. 


\ 13. Having the Circumference of a Cylinder given in inchet and the 
length in fort meaſure, to find the content in feet, 


As 42, 54. to the Circumference in inches : 
So the length in feettoa fourth number ; 
and that fourth to the content in feer. 


So the Circutference being 47 inches 1 3 parts, and the length $ 
foor 75 parts, the content wi'l be found as before 50 foot 74 parts. 


As42, 54 unto 47,13:ſo8, 75 unto 9, 69 : 
and ſoare 9, 69. unto 10, 74, 


Sscr. II. 


Of the Menſuration of Cones, 


I, The Djawtter of the Baſe and the lengeb of the fide of a Core bring 
given, to find the ſuperficial content thereof, 


$7 ist022; Or113 tO J55. 
/ \ Sois 4 the Diameter 6 multiplied in 18 the (ide, 


To the Snperficial Content 339.29. 


So the Diameter of the Baſe of aright Cone being 12 inches, and 
the (ide thereof 18 inches,the Area will be found to be 339. 29. For, 

If you extend the Compaſſes from 7to 22, or from 13 to 355, the 
fame extent will reach from 108, (which is the half Diameter multipli- 
ed in the (ide ) to 339. 29 the Area, or Superficial content, 


2. The Diamtter and Axis of 4 right Cone being giv:n, to find the Solid 
Content, 


As 28, 
Isro 22 : 


) 


236 of the Menſuration of Spheres. 
So is the Square of the Diameter 144, multiplied by 4 of the Axis, 
To the Solid Content of the Cone 678. 85. (vis.$6;8, 


So the Axis of a Cone being 18 inches,and the Diameter 1 2 inches, 
the Solid content will be found to be 678.85. 

Extend the Compaſſes from 28 to 22. The ſame extent will reach 
from 864 (+ of the Axis multiplied in the Square of the Diameter ) 
to 678.85 the ſolid content, 


 —_——_— 


SnzcT. IV. 


/ 


of the Menſuration of Spheres. 
I. The Diameter of a Sphere being given, to find the Swperficlal content. 


S$71sto 22, Or 113t0 355. 
So is the Square of the Diameter 144 
To the ſuperficial content, 


Thusa Sphere whoſe Diameter is 12 inches, the: ſuperficial content 
thereof will be found to be 4.52.57. 

Extend the Compaſſes frem 7 to 22, the ſame extent will reach from 
144 ( the ſquare of the Diameter ) to 452. 57 the ſuperficial con- 
rent. 


to 


. The Smperficles of a Sphere. being given, to find the Axis. 


As 22, 
I; eo 7: 
Sois the Superficies 
To the ſquare of the Diameter, 


So a Sphere whoſe Superficie$ is 452.57 inches,the Diameter there- 
of will be fou ro be 12 inches. 

Extend the-Compaſſes from 22 to 7, the ſame extent will reach from 
452, 57( the Superficies ) to 144, the Square of the Diameter, the 5 
diſtance between 144 and 1 is 12 the Diamecer, 


3. The 


Of "the Menſuration of Priſmes, 
3» The Axis of a Sphere being given, to find the Solid content, 


As 42, 
7 + 5 Fw 


So is the Tube of che Diameter 
To the Solidity, 


So if the Axis of a Sphere be 12 inches, the Solid content thereof 
will be found co be 590. 62. 

Excend the Compaſſes trom 4.2 to 22, the {ame extent will reach 
from 1728 ( the Cube of the Diameter ) to 905. 14, the Solid con- 
rent, . 


4. The Solidity of 4 Sphere being given, to find the Axis. 


As 22, 
Ist0 42 -+ 
So is the Solidity 
To the Cube of the Diameter, or Axis: 


So a Sphere whoſe Solid content is 905. 14. the length of the Axis 
will be fonnd co be 12 inches. 

Extend the Compaſles from 22 to 42. the ſame extent will reach 
from 90g. 14; the Solidity, to 1728 the Cube of the Axis, 


3} 1 3 I £ 
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Of the Menſuration of Priſmes. 


Priſme 5s a Solid figure contained under Planes ; whereof the two op- - 
A poſite are equal, like, and Parallel ; but the other are Parallelograms. 
Eaclid, Defio.1 3. Lib.12, 


I. T's find the Solid content of a Triangular Priſme. 
Suppoſe a piece of Timber or Stone to be an Equilateral Triangle 


at the ends) each (ide thereof being 2,25 foot, and the length of the 
piece 


. : 42 
mY i 


piece '17. 75 foot, this is called 'a Triangular Priſme. 

1. Find the content. of the Trengle at the end of the picce ( by 
the tenth aforegoing ) which will be found to be 2.19, Then ſay, 
Ain, 
Is rothe Area of the Baſe: 

So is the Length of the Piece 
To the contentof the Piece in foot meaſure. 


Extend the Compaſſes from 1 to 2. 19, ( the Content of the Area 
of rhe Baſe in feer ). che ſame extent will reach from 19. 95 (the 
leageh of -the piece infeer_) to 38, 87, the content of the Piece in 

cer. . 


2. To find the S0'id Content of a Regular Solid, whoſe ſides at the end 
thereof are equal, and more than 3. As 4, 5,6, 7, $,0or 10,8, 


Suppoſe a Regular Solid, as of _ or yon the Plane at the 
. Baſe or end thereof being a Pentagon, or 
I. yp ” — Figure of 5 equel {id:s and Angles, each 
may be nat rae neces for lide being 12 inches, or one foot, and che 
theje kinds of Menſurations length of the Solid 14 foor. 
y4 taking 109] by I, Find the Content of the a ( or Pen-. 
=_ tagon ) at the end, by the r. of che ſecond 
nd ih mid tl Setion beforegoing, which will be found co 
be 1.725 foot, the Perpendicular of the Pentagon being 0, 69 parts 
of a foor; Then fay, 


AsST 
Isto the Content of the Baſe in feet 1.725 - 
So is the length of the piece 14 foot, 
To the Content of che Piece in feet 24+ 15+ by 


"Extend the Compaſſes from 1 to 1.925, ( the Content of ehe Baſe) 
the ſame exrent will reach from 14 toor, the length of che Piece to 
24+ 15. the Content of the Piece in feer. 

And inthe ſame manner, if the ſide of an Oftagon were 12 inches 
or I feot,the Perpendicular would be found to be 1.64,8nd che 
leagth 21.5 feet,the Solidiry would be found co be 103.20. 

SECT, 


Sect, VI. 
Of the Menſuration of Pyr amides. 


' A Piramide 5 4 Sid fignre comprehended under divers Planes, ſet * 

A one Plane, ( which « the Baſe of the Pyramide ) and gathered together 
$0 one Point. Euclid, Lib 1. Defin. 12, 

The Baſes of Pyramids may be eirher Triangles, Squares, Pentagons, 
Hexagons,&c.as the Priſmes were; Wherefore to meaſure any Pyramis, 
you muſt firſt find the Area, or Content of the Baſe, and then ſay, 


As1 
I5 tothe Area or content of the Baſe2. 25: 
So is one third part of the height 15 feer, 
To the Solid content 33.75 fee, 


" Suppoſe a Pyramis,whoſe Baſe is a Square,each (ide being 18 inches,. 
or 1.5 feet, and the height of rhe ſame Pyramis were 45 feet, and ir 
were required t&find the Solidity, The Area of the Baſe by the ſecond 
of the fifch Seion beforegoing, will be found to be 2. 25. feer. 

Extend the Compaſtes from 1,to 2.25: ( the Content of the Baſe ) 
the ſame excent will reach from 15. ( one third part of the height ) co 
33+ 75. the Solid content of the Pyramid in feer. 

And the like of any other. 


SBE ST YI 


Of the Menſuration of Fruſlums or Segments of Pyramids or Cones. 


He Solidity of every Cone or Pyramid is found by multiplying 

the Area of the Baſe ( of what form ſoever) into one third pare 
of the Altitude z, Therefore in a-Cone whoſe Baſe is Circular, ard the 
Diameter of that Circle is in Poor meaſure 2;50,its Area will be found 
by wbat is delivered in the foregoing Seions to be 4.91, and its Alti- 
wde 56.25 ſoot ; I ſay, 


As. 
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adn ee Lb fee. oat. oft: diy. oe... oe 
= VP 


As1r, 
To the Area of the Baſe: 
So is one third of the Altitude 
To the Solid Content. 


 Sothe Area of the Baſe of a Cone or Pyramis being 4.91, and the 
AbEAE= 35, the Solid Content thereof will be found co be 92.06 
oor. 

Exend the Compaſſes from 1 t04..91 the Area of the Baſe, the ſame 
extent ſhall reach from 18. 75, the chird pare of the Altitude, to 
92, 06. the Solid Content of the Cone or Pyramis. - 

Bat if this Cone or Pyramis were cur off at 18 foot from the Grea- 
ter end, and then the Lefſer Baſes Area ſhou'd be found to be in foot 
meaſure 2.27. what ſhall che Solidity of the Fruſtum be? And in this 
nature imber Trees grow, and ſo being cut off ought tobe 
meaſured, being eicher Squared or Growing; And no greater 
Error 4s here commited in the Meaſuring of T:m' er, it being in this 
form, than by the-vulgar way of meaſuring ſuch Timber, which is, by 
finding our the Square in the Middle of the P:cce, and taking of that 
for the true Square, but this always makes the Content of the Piece leſs 


- thanic is; The Genuine and true way is this. 


Multiply the Area of the ewo Baſes together, and from the Produt 
extraQt the Square Roor, then add this Root, and the two Area's roge- 
ther, which ſum multiplied by one third pare of che Length of che 
Fruſtum,or part ſhall give the Solid Content of chat piece. 

Soa Piece of Stone or Timber whoſe Area at one end is 4-91. ( as 

.in the former Piece ) and at che Smallerend 2. 27, and its length 18 
foot; the Solidicy by the former Rule will be found to be 63. 48 
foot. For, 


. As1, 
Is co the Greater Baſe : 
Sois the Lefler Baſe 
To a fourth Number, 


Whoſe Square Root being Extrafted, and added to the two former 
Area's, will produce another number. Then ſay, 


As1n, 


or Seoments of” Pyramids or Cones, 


As r, 

* Is co this number laſt found : 

So is one third of the length of the Piece, 
To the Solid Content of the Piece. 


Therefore extend the Compaſſes from 1 to4. 91, the greater Baſe, 

the ſame extent ſhall reach from 2. 27, che lefſer Baſe, co 11.15. A 
mean Proportional between 1 and 17, | G Baſ, 
15 will be found to be 3. 34, which | Prin ene 409 
added to the other ewo Area's 4. 91, | = or DU@ | = $=—37 
and 2.27, (as is donein the Margin, ) / a hy va 3—34 
will produce 10.52. which is your other OF LL. by. 
number ſought tor : Then, 

Extend the Compaſles from 1 to 10.52, the ſame will reach from 6. 
( the third pare of 18 che Length, ) co 63, 12. the Solid Content of the 
Piece which is 63 foot,and half a querter of a foor. 

And now for Proof of this Work to be true, let us find the Solidity 
> the upper or leſſer part of the whole Cone which was 56. 25 foot 
ong. 
The Leſſer Baſe, 18 foot being cut off of the whole Length is found 
to be 2 27, and 18 being taken trom 56. 25 the whole length, there 
will remain 38,25, and third part whereof is 13. 75. which multiplied 
by 2. 27, the Baſe produceth 28 94 for the Solidicy ofthe Leſſer Cone 
or Pyramis, and this being added co 63,12. the Content of the Fru- 
ftum produceth 92. 06. the which is equal ro the whole Cone or Py- 
ramis, both the parts equal co the whole, which proveth the Work to 


be true. 


IG 5+ 


tha. 


CHAP, IV. 
The uſe of the Line of Numbers in Gauging of Veſſels. 


He Veſlels which are here meaſured are ſappoſed to be Cylinders, 
or reduced unto Cylinders, by taking the mean between the Dia- 
merer at the Head and che Diameter at the Bongue, after the uſual 


manner. 


Mm 1, Having 
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I. Having the Diameter and the length of a Veſſel with the Content there- 
of, to find the Gauge point. 


Extend the Compaſles in the Line of Numbers to half the diſtance 
berween the Content and the length of the Veſſel, the ſame extent will 
reach from the Diameter tothe Gavge poine. 


T purthis Propoſition firſt, becauſe cheſe kind of meaſures are nor 
alike in all places. 

Here at London it is ſaid that a Wine Veſſel being 66 inches in 
length, and 38 inches the Diameter, would contain 3 24 Gallons,which 
if it be true, we moy divide the ſpace between 324 and 66 into two 
equal parts, and the middle will fall about 146, and che ſame extenc 
which reacheth from 324 to 146, will reach from the Diameter 38 
unto 179, 15, the Gauge- poine for a Gallon of "Wine or Oyl after Lon- 


don meaſure. | 
The like reaſon holdeth for the like meaſure in all other places, 


2. Having the mean Diameter, and the length of a Veſſel, to find the content. 


Extend the Compaſſes from the Gauge-point to the mean Diame- 
ter, the ſame extent being doubled, ſhall give the diſtance from the 
length rothe content. | 

So the mean Diameter of a Wine Veſſel being 20 inches, and the 
length 25 inches, the Content will be found to be 34 Gallons after 
London meaſure, 

For extend the Compaſſes from 17.15 unto 20, the ſame extent will 
reach from 23 unto 29,15, and from 29, 15 unto 34: 

In like manner, if the mean Diameter were 16 inches,and the length 
23, the Content will be found co be abour'20 Gallons. 

For the ſame extent which reachech back from 17, 15 unto 16, will 
reach from 23 to 21,45, and from 21, 45 unto 20. 

So that if the mean Diameter fhall be 17 inches and 15 Centeſmes 
or parts of 100, the number of inches in the length of the Veſſel, 
will give the number of Gallons contained in the ſame Veſſel: if che 
Diameter hall be more or leſs than 17, 15, the Content in Gallons 
will be accordingly more or lefs than the length in inches, 


3. Having 
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3. Having the Dlameter and ( ontent, to find the length, 


Extend the Compaſſes from the Diameter to the Copgopom the 
ſame extent being doubled, ſhall give the diſtarice from the Content to 


the length of the Veſſel. 
So the giuge-point ſtanding as before, if the Diameter be 38 inches, 


andthe Content 324 gallons wine-meaſure, the length of the Veflel 
will be found about 66 inches. 


4 Having the length of « Veſſel,and the Content, to find the Diameter. 


Extend the Compaſſes to half the diſtance between the length and 
the Content, the ſame extent ſhall reach from the Gauge-poine to the 


Diameter. 
So the length being 66 inches, and the Content 324 Gallons wine 


meaſure, the Gauge-poine ſtanding 8s before, the Diameter of che Veſ- 
ſel will be found co be about 38 inches. 


—K_— 


CHAP. V. 


Aſtronomical Propoſitions as are of ordinary uſe in 
the prattice of Navigation, 


1. Tofind the Altitude of the Sun by the ſhadows of a Gnomon (et Perpen- 
dicalar to the Horizon- 


A* the parts of the ſhadow, 
; areto the parrs of the Gnomon : 


So the Tangent of 45 gr. 
To the Tangent of che Altitude. 


Containing ſuch 


Extend the Compaſſes in the Line of Numbers, from the parts of 
the ſhadow to the parts of the Gnomon 3, the ſame extent will give 
the diſtance from the Tangent of 45 gr. to the Tangent of che Suns 
Altitude. 


Sothe Gnomon being 36, and the ſhrdow 27, the Altitude will be 
Mm 2 found 
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found to be 36 gr. 52 m. Or the Gnomon being 27, and the ſhadow 36 
the Alcirnde will be found ro be 53 gr. 8 w. Oc the ſhadow being 20» 
andehe Gnomon 9, the Altitude will be found to be 24 gr. 14 is 1n 
che eighth Propoſition of the uſe of the Tangent-line. 

If the Gnomon be 22. and the ſhadow 135, the Altitude is 9 gr. 
1 5 ws. as I ſhewed before. 


2, Having the diſtance of the Sun, fron the next Fquin: Gial point, to find 
hs declination. 


Asche Radius is in proportion, | 

rothe Sineof the Suns greateſt declination : 
So the S ne of the Suns diſtance from the next Equinodi || Point, 
tothe Sine of the Declination required. 


Extend the Compaſſes in the Line of Sines,from go gr.to 23 gr.30 m. 
the ſame extent will give the diſtance from the Suns place unco his De- 
clinarion. 

Sothe Sun being either in 29 gr. of T aur, or 1 gr. of Aquarims, or 
I gr. of Leo, or 29 gr. of Scorpio, that is 59 gr. diltant from the nexc 
EquinoRial Point, the Declination will be found about 20 gr. 

If the Sun be fo near the EquinoRial Point, that his Declination 
fall ro be under 1 gy. it may be found by the Line'of Numbers, As if 
the San were in 2 gr. 59. of Aries that is 125 mz. from the EquinoRQi- 
al Poinr, the former extent of the Compaſſes from the Sine of go gr. 
ro the Sine of 23 gr. 30m. will reach in the Line of Numbers from 
125 unto 50, which ſhews the Declinationrto be about 5o m, © 


.3. Having the Latitade of the place, and the Declination of the Sun, to 
find the timg of the Suns riſing and ſetting. 


As the Ce=tangent of the Laticude. 
eo the Tangent of the Surs Declination : 
So is the Radius, | 
to the Sine of the Aſcentional difference between the hour of 6, 
and the time of the Suns rifing or ſetting. 


Exrend the Compaſſes from the Tangent of the Complement of 
tte Latitude, to the Tangent of the Declination : the ſame extene 
will 


will reach from the Sine of go deg. to the Sine of the Aſcentional 
difference. 

Or extend the Compaſſes from the Co-tangent of the Latitude to 
the Sine of 90 gr. the ſame extent will reach from the Tangent of the 
Declination, to the Sine of the Aſcentional difference, 

So the Laticude being 51 gr. 30m, Northward, and the Declination 
20 gr. the difference of Aſcenſion will be found to be 27 gr. 14m. 
which reſolved into hours and minutes, doth give 1 hour and almoſt 
49 m. for the difference between the Suns riſing or ſetting, and the 
hour ef 6, according to the time of the year. | 


4. Having the Latitude of the place, and the diſtance of the Sun, from the 
next Equinolial p int, to find his Amplitude, 


As the Co-ſine of tlie Latirude, 

ro the Sine of the Suns greateſt Declination 3 
So the Sine of the place of che Sun, 

ro the Sine of the Amplitnde, 


Sothe Laticude bein: 51 deg. 30 mm, and che place of the Sun in r 
deg, of Aquarine,that is 59 deg.diſtant fromthe next EquinoQial poine, 
the Amplitude will be found about 33 deg. 20 mr. For extend the Com- 
paſſerin the Line of Sines, from 38 deg. 30 mw. the Sine of the Com- 
plement of the Laticude unto 23 deg. 39 m. the Sine of the Suns 
grextelt Declination ; che ſame extent will reach from 59 deg. unto 3 3 
deg. 20 w, Orextend them from 38 deg. 30 w. unto 59 deg. the ſame 
extent will reach from 23 gr. 30 wv, unto 33 gr-20 mn, as betore, 


5. Having the Latitude of the place, and the Declination of the Swn, to 
find his Amplitude. 


As the Co-(ine of che Laticude, 
is co the Radius : 

Sothe Sine of the Declination, 
rothe Sine of che Amplitude, 


Extend the Compaſſes from the Co-line of the Latitude to the (ine 
of gogr. the ſame extent will reach from the Sine of the Suns Decli- 
aation co the Sine of the Amplitude, 

Or 
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Or extend them from the Tangent of the Latitude to the Sine of the 
Declination, the ſame extent will-reach from the Sine of go gy. tothe 
Sine of the Amplitude. 


So the Laticnde being 51 gr. 30 ». and the Declination 20 gr. the 
Amplitude will be found to be 33 gr. 20 m, 


6. Having the Latitnde of the place, and the Declination of the Sun, tt 
find the time when the Sun cometh to be due Eaſt or Weſt. 


As the Tangent of che.Latitude, 
is ro the Tangent of the Declination : 
So the Radius 
to the Co-fine of the hour from the Meridian. 


Extend the Compaſſes from the Tangent of the Laticude the Tan- 
cent of the Declination, the ſame extent will reach from the Line of 
90 yr. to the Sine of the Complement of the hour. ; 

Or extend them from the Tangent of che L1cicude to the Sine of 90 
gr. the ſame extent will reach from the Tangent of the Declination co 
che Sine of the Complement of the hour. 

Sothe Laticude being 51 gr. 30 w.and the Declination 20 gr.the Sun 


will be 73 gr. 10w.that is 4 hours, and 53 wv. from the Meridian,when 
he cometh to be in the Eaſt or Welt. 


7. Having the Latitnde of the place,and the Declination of the Sun,to find 
what Altitude the Sun ſhall have,hen he cometh to be dive Eaft or Weſt. 


As the Sine of the Latitude, 

is tothe Sine of the Declination : 
So the Radius, 

to the Sine of the Altitude, 


Extend the Compaſſes in the Line of Sines from the Latitude to the 
Sine of the Declination, the ſame extent will reach from the Sine of 
9O gr.to the Sine of the Altitude. 

Or extend them from the Sine of the Laticuge to the Sine of go gr. 
the ſame extent will reach from the Sine of the Declinationto the Sine 
of che Altitude, ; 

So the Latitude being 51 gr. 30 mv. and che Declination 20 gr. the 
Altitude will be found about 25 gr. 55 ». 8. Having 


= 
- 


an bs, 


8. Having the Latitude of the place, and the Dtelination of the Sun, to 
find wh:t Altitnde the Sun ſhall have at the howy of fix. 


As the Radius is in proportion, 
rothe Sine of che Suns Declination : 


So the Sine of the Latitude, 
to the Sine of the Altitude, 


Extend the Compe(1-5 in the Ling of Sines, from go gy, to the De» 


clination z the ſame extent will reach from the Laricude to the Alti- 


tude, 
Or extend them from go gy, to the Latitude, the ſame extent will 


hold fromthe Declination rothe Altitude. 
So the Latitude being 51 gy. 30.9. and the Declination of the Sun 


20 gr, the Altirudeof the Sun will be found to be about 15 gr. 30m. 


' 9+ Having the Latitude of the place, and the Declination of the Sun, te 
find what Azimnth the Sun ſhall have at the hoar of ſix. 


As the Co-ſine of the Latitude, 


is to the Radius ; 
Sothe Co-tangent of the Suns Declination, (ridian. 


cothe Tangent of the Azimnth from the North part of the Me- 


Sothe Laticude being 51 gr. 30 m. and the Declination 20 yy. the 
Azimuth will be found co be 77 gr. 14». Por extend the Compaſſes 
inche Line of Sines, from 38 gr. 30 w. t0gO gy. the (ame extent will 
reach from the Tangent of 70 gr. to the Tangent of 77 gr, 14 w- 


10. Having the Latitnde of the place, and the Declination of the Snn,and 
the Altitude of the Sun, to fiud the Azimnth, 


Firſt, Conſider the Declination of the Sun, whether ic be toward 
the North or the Southyſo haye you his diſtance from your Pole : then 
add this diſtance, the Complement of his Altitude, and the Comple- 
ment of your Latitude, all three together, and from halfthe ſum ſub- 
era& che diſtance from the Pole, and note the difference, * 


1. As 
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1, As the Radius is in proportion, 
to the Co-line of the Altitude : 
Sothe Co-line of the Latitude, 
to a fourth Sine, 


2. As this fourth Sine, : % 
isto the Sine of the balf ſum: 

So the Sine of the difference, 
to a ſeventh Sine; 


Then find a mean propertional between this ſeventh Sine and the Rz« 
dius, this mean ſhall be the Sine of the Complement of balf che Azi- 
emuth tromtche North part of the Meridian. 

Suppofe the Declination of the Sun being known by the time of the 
year to be 20 gr. Southward, the Altitude above the Horizon found by 
obſervation 1 2 gr, and the Latitude Northwards 51 gr. 30 mw. it were 
required to find the Azimuth. 

The Declinationis Southward, and therefore the diſtance from the 
Pole 110 gr, then turning the Altitude and Latitude unto their Com- 
plements, I add them all three together, and from halfche ſum ſubtract 
the diſtance from the Pole, noting the difference afcer this manner : 


Declin. South 20 gr. om. The Diſtance LliOgr. © mm. 
Alticude | -| © The Complement 59s 6 
Latitude N gt  $© The Complement 38 3o 
The ſum of all three 226 3a 
The balf ſum 183 Is 
The difference 3 1g 


This done, I come to the Staff, and extend the Compaſſes from the 
Sineof 90 gr. tothe Sine of 78 gy. and find the ſame extent to resch 
fromthe Sine of 38 gr. 30 m. unco 37 gr- 399m, Or if Iextendthem 
fro 1:90 gr. to 38 gr. 30 m, the ſame excent doth reach from 78 gr.unto 
37 gr- 30 m. which is the fourth Sine required. | 

Thea I extend che Compaſles agair, from chis fourth Sine of 37 gr. 
30 »». unto the Sine of che ha'f ſum 113 gr. 15 zs. chat iscorhe Sine of 
66 gr. 45 m. ( for after 9» gr. the S neot 8o gr. doth ſtand for a Sine 


of 
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of 100 gy, and the Sine of 70 gr. for a Sine of 100 gy. and (© the reſt 
for thoſe which are their Complements to 180 gr. ) and this ſecond ex- 
rent doth reach fromghe Sine of che difference 3 gr. 15 mw. tothe Sine 
of 4gr. 54m. Or if I extend them from che fourth Sine of 37 gr.30 ms. 
rothe Sine of the difference 3 gr. 15 #». the ſame excent will reach 
from the Sine of the balf ſum113 gr. 15 w, unto 4 gr. 54 m. which is 


the ſeventh Sine required. 

Laſtly, I divide the ſpace between this ſeventh Sine of 4 gr. 54 +. 
and the Sine of go gr. into two equal parts, and I find the mean pro- 
portional (ide to fall on 17 gr. whoſe Complement is 73 gre the double 
of 72 gr. is 146 gr. and ſuch is the Azimuth required. 

Or having found!the ſeventh Sine to be 4 gr. 54», I might look over 
againſt it, inthe Line of Yerſed Sines, and chere I ſhould find 146 gr, 
for the Azimuth from the North part of the Meridian; and the Com- 
plement of 146 gr. to a Semicircle being 34 gr. will give the Azimuch 


from che South part of the Meridian. 
But if it were required to find the Azimuth in the ſame Latitude of 


51 gr. 30 Northward, with the ſame Alticude of 12 gy, and like Decli- 
nation of 20 gy. tothe Northward, it would be found to be only 92 gr. 
52 m. though che manner of work be the ſame as before. 


Declin, North. 20 gr._ow: The diſtance is 70 gr. Om. 
Altitude I2 oo The Complement 78 © 
Latitude North, 5: 3o The Complement 28 30 


The ſum of all three . 186 go 


_——— 


The half ſum $3 Is 
The difference 23 1g 


Here as the Radius is tothe Sine of 78 gr. ſothe Sire of 38 gr,30 mw; 
to the Sine of 37 gr, 30m. which is the tourth Sine, andthe ſame as 
before. 

Then as this fourth Sine of 37 gr. 30m. is tothe Sine of 93 gr.15 mw. 
ſo the Sine of 23 gr. 15 mm. toihe Sine of 40 gr. 20m. which isthe ſe- 
venth Sine. 

The half way between the ſeventh Sine and the Sine of go gr. doth 
fall at 53 g7» 34 9. whoſe Complement is 36 gr. 26 m, and the double 


of that is 73 gre 52 m. the Azimuth required, 
' Nn Or 
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Oc I may find this ſame Azimuth. in the Line of Yerſed Siner, over 
agzinlt rhe ſeventh Sine of 40 gr. 20 m. 


11, Having the Latitade of the place, the Declination of the Sun, and 
the Altitude of the San, to find the hour of the day. 


Add the Complement of the Suns A'tituce, and the diſtance of che 
Sun from the Pole, and the Complement of your Laticude, all chree 
together, and from half the ſum {ubitrat che Complement of che Al- 
ticude, and note che difference, 


1, As the Radius is in proportion 
co the Sine of the Suns diſtance from the Pole: 

So the Sine of che Complement of the Latitude, b 
eo a fourth Sire, 


2. As this fourth Sine, 
isto the Sine of the half fum : 
$0 the Sine of che difference 
to a ſeventh Sine. 


The mean proportional between this ſeventh Sine and che Sine of 
9O gy. will be the Sine of the Complement of half the hour from the 
Meridian. 

Thus in our Latitude of 51 gr. 30 m. the Declination of the Sun be- 
ing 20 gr. Northward, and the Altitude 12 gr. I might find the Sun to 
be 95 gr. 52. from the Meridian. 


Altitude 12 gr. Om, The Complement is 78 gr. Om. 
Declin, North 280 © The diff. from the Pole go © 
Lati-ude et 30 The Complement is 38 30 
The ſum of all three 236 30 
The half ſum 93 15 
. The difference ty i 19 


Here as the Radius, is tothe Sineof 70 gr. 
So the Sine of 38 gr. 30 wn. to the Sine of 35 gr: 48 ww, 
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Asthis Sine of 15 gr.48 mv. is to the Sine of 93 gr, 15 mw. 

' . Sothe Sineof 15 gr. 15 », totheSine of 26 gr. 4p m. 

The half way between this ſeventh Sine of 26 gr, 40 wv. and the Sine 
of 90 gr. doth fall at 42 gr.4 9. whoſe Complement is 47 g4. 56 mand 
the double of that, 95 gr. 52 »». which converted into hours, doth give 
6 hours and almoſt-24 ms, from the Meridian. 

Oc I might find theſe 95 gr- 52 m1. in the Line of Yerſed Sines, over 


againſt the ſeventh Sine of 26 gr. 40 mw. 


12, Having the Azimnath, the Suns Altitude, and the Declination, to find 
the hour of the day. 


As the Co fine of the Declination, 
isro the Sine of the Azimuth: 

So the Co-line of the Altxude, 
cothe Sine of the hour. 


Thus the Declination being 20 gr. Southward, the Altitude 12 gr. 


and the Azimuth found by therenth Propoſition 146 gr. I might find 
the time tobe 35 gr. 36 mn. that is 2 hours 22 9. from the Meridian. 


I 3. Having the hour of the day, the Suns Altitude, and the Declination, 
to find the Azimuth. 


As the Co-ſineof the Altitude, 
isto the Sine of the hour : 

So the Co-line of the Declinativn, 
to the Sine of che Azimuth, 


Sothe Altitude of the Sun being 12 gy. and the Decliaation 20 gr: 


Southward, and the Angle of the hour 35 gr. 36 ». I ſhould find the 
Azimuth to be 34 gr. And ſo it is if itbe reckoned from the South ; 


bur 146 gy- if ir be taken from the North part of the Meridian. 


14. Having the diſtance of the Sun from the next Equinoial point, to 
find bus right Aſcenſion, 
As the Radius, 
co the Co-line.pf che greateſt Declination : 


So the Tangent of the diſtance, 


To the Tangent of the right Aſcenſio”. 
Nn 2 
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Sothe Sun beiog in the firſt degree of gAquarim, that isJ9 gr, di- 
ſtant from the neget EquinoRial point, and the greateſt Declination 
23 gr. 30 m. the right Aſcenſion will be found to be 56 gr-50 ww, ſhort 
of the beginning of Aries, and therefore 303 gr. 14 m» 


15. Having the Declination of the Sur, to find his right eAſcenſion. 


As the Tangent of the greateſt Declination, 

is tothe Tangent of che Declination given : 
So the Radius 

eo the Sine of the right Aſcenſion. 


So the greateſt Declination being 23 gr. 30», and the Declinstion 
of the Sun given 20 gr. the right Aſcention will be found about 


56 87, 50 mM. 


16. Having the Longitude and Latitude of a Star, to find the right Aſcen- 
'  fanof that Star, 
17. T0 find the Declination of that Star, 


The ſtars bave little or no alteration in their Latitude, in their Lon- 
gitude they move forward, about 1 gr. 25 mw, in an hundred years. Theſe 
being krown, | 


As the Radius, ( point : 
tro the Sine of the Stars Longitude fromthe next EquinoRial 


So the Co-rangent of the ſtars Laticude, 
cothe Tangent of a fourth Ark. 


Compare: this fourth Ark, with the Ark of diſtance between the 
Poles of the world and of the Ecliptick. If the Longicude and Lati- 
tude of the Star be both alike, as when the Longitude fallech to be 
among the Northern Signs, g Aries, Taurm, Gemini, Cancer, Leo, Virgo, 
and the Latitude is. North fromthe Ecliptick: or the Longitude among 
the Southern (igns, Libra, Scorpio, Sagitarine,. Capricorn, eAquarins, 
Piſces, and the Latitude Sourthward, then ſhall the difference berween 
this fourth Ark and the diſtance of Poles, be your hfth Ark. 

Bur if the Longitnde and Laticnde ſhall be unlike, as the Longitude 
in a;Northern ſign, and the Latitude South, or the Longitude in a 

| Southern. 
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Southern (ign, and the Latitude North, then add this fourth Ark 
eo the diſtance of both Poles, the ſum of both ſhall be your fifth 


Ark. And, F 


As the Sine of the fourth Ark, 
eo the Sine of the fifth Ark - 

So the Tangent of the ſtars Longitude, ( noial poine, 
tothe Tangent of the ftars right Aſcenſion, from the next Equie- 


As the Co-ſine of the fourth Ark, 
to the Co-line of the fifth Ark : 
So the Sineof the ftars Laticude, 
to the Sine of the ſtars Declination, 


Then for-proof of the work, if there be no former error, the pro-- 
portion will hold, 


As the Co-ſine of the Latitude, 

rothe Co-line of the right Aſcenſion 2: 
So the Co-line of the Declination, 

tothe Co-line of the Longitude. 


For example, Take the upper of the two former ſtars in the ſquare: 
of the lictle bear, which ſea-men call the Former G #ard. This in the: 
year 1655, was in 7 deg. 53 1, of Leo, and ſo his Longicude from the 
beginning of Libra 5 2 deg. 7 m, But his Laticude is ſtill the ſame 72 gre. 


51 9, Northwards. Wherefore, 


AstheSineof gogr. 
is tothe Sine of 52 gy. 22 9 

So is the Co-tangent of 72 gr. 51.9» * 
cothe Tangent of 13 gr. 449%. 


Which is the fourth Ark. Then becauſe the Longitude and Laticude 
are both Northward,the difference between this fourth Ark and 23 gr. 
31 »s: the diſtance of both Poles will give you 9 gr. 47, for the fitch 


Ark. And, 
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As the Sine bf 13 gr. 44 mw. 

ro the Sine of 9 gr, 47 m. 
Sothe Tangent of 52 gr. 22 m. 

ro the Tangent of 42 gr. 56 m. 


Which is the right Aſcenſionof this ſtar, from the beginning*of Lz- 


bra, but 222 gr. 56 #s. fron the beginning of Aries. 


As the Co-(ineof- 13 gr. 44 mm. 
to the Corſine of 9 gr. 47 ww. 

So the Sine of 72 gre 51 mn. 
rotheSineof 55 gr. 46 mw, 


Waich is the Declination of this ſtar from the Fquator. , 


As the Co-line of 72 gr. 51 m, 
tothe Co-line of 42 gr, 56 1. 

So the Co-lineof 75 gr. 46 m: 
co the Co-line of 52 gr. 7 m, 


Which agreeing ſo well with the Longitude of che ſtar propoſed is 
- = proof, that the right Aſcenſion and Declination were truly 
ound. 

Theſe are ſuch Aﬀtronomical Propolitions, as I take to be uſeful for 
Sea-men. For the firſt and ſecond will helpthem to find their Lati- 
tude, chethird co find che Suns riling and ſetting, the 4, 5, 6, 7» 8, 9, 
Io, 13 Prop.to find the variation of their Compals, the 11 and 12 Prop. 
ro find the hour of the day ; and the reſt coward the finding of the 
hour of the night, For having the Liticude of the plice, with the De- 
clination and Altitude of any ſtar, they mey find the hour of che ſtar 
from the Meridian, as in the 11. Prop, Then comparing the right 
Aſcenfion of the ſtar, with the right. Aſcenſion of the Sun, chey may 
have to the hour of che nighr. ; 

All cheſe Propoſitions, and ſuch others, may be wrought alſo by the 
Table of Sines and Tangents. For where four Numbers do hold in 
proportion; as the firſt tothe ſecond, ſo the third to the fourth ; there 
if we multiply the ſecond into the third, and divide the ProduR by 
the firit, the Quotient will give the fourth required, As in the 
example 
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example of the 1 Prop, where the Declination being given, it was re- 
quired to find the right Aſcenſion, The Tangent of 20 gr. the Decli- 
nation given is 3639702, which bein multiplied by the Radius, the 
Produ@ is 363970200c0000, and this divided by 4348124zthe Tan- 
gent of 23 gr. 30 m. the Quorientis 8370741, the Sine of 56 gr. 50m, 
for the right Aſcenſion required. | 

Orif any will uſe my Tables of Artificial Sines and Tangents, they 
may add the ſecond and third togetherzand from the ſun ſubrrat the 
firlt, che remainder will give the fourth required. And ſo my Tangent 
of 20 gy, is 9561, 0658, which being added to the Radius, mi kes 
19561, 0658, trom this if they ſubrratt 9638, 3019, the Tangent of 
23 gr. 30 m.they ſhall find the remainder ro be 9922, 7639, which in 
my (anon is the Sine of 56 gr. 49 m. 56 ſeconds ; and ſuch is the righe 
Aſcenſion required, if it be reckoned from the next Equinottial 
poine. 

The like reaſon holdeth for all other Aſtronom'cal Propofitions, 
as I will farther ſhew by thoſe two examples which I gave betorey for 
the fincing of the Azimuth in the To Prop. becauſe chey are thought 
to be harder than the reſt, and require three operations, 


In the firſt Exanp/e, 


Declin. South 20 gr. © m. The diſtance IIO gr, © Ms 

Altitude "=. The Complement 78 © 

Litir,North 51 36 The Complement 338 30 
The ſum of all chree 226 =; 
The half ſum x13] ing 
The difFerence 3] [29 


The firft operation will be to find che fourth Sine; and that is done 
by adding the Sine of .rhe Complement of the Altitude tothe Sine of 
the Complement of the Latitude, and ſubtraſting the Radivs: ſo ad- 
ding 9990, 4044 the Sine of 78 gr, unto 9794, 1495 the Sine of 38 gr. 
30 m,, the ſum will be 19784, 5539» Andthe Radius beingſubrraſted, 
the remainder 9784, 5539 is the fourth Sine, and belongeth to 
37 gr. 30 mn. 


The ſecond operation will be to find the ſeventh Sine, and "_ is 
one 
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done by adding tbe ſine of the half ſum to the line of the difference, 
- and ſubtratiog the fourth ſine. So the half ſum ray IT3 gr. 15. I 

take his Complement toa Semi-circle, 2nd ſo find his line to be 9663, 
2168,to which I add 8753, 5278, the (ine of the difference 3 gr.!15 »», 
and the ſum is 18716,-7446. From this I take the fourth line 9984, 
5539, and the remainder will be 893231907, which is the ſeventh line, 
and belongeth to 4 gr. 54 m. 

The third operation will be to find the mean proportional (ine be- 
tween the ſeventh line and the Radius. This in common Arichmetick is 
done by multiplying the two extreams, and taking the ſquare root of 
theProdut, As in finding a mean proportional between 4 and 9, we 
multiply 4 into 9, and the Produ& is 36, whoſe ſquare root is 6, the 
mean preporticnal between 4 and 9. Bur here it is done by adding che 
ſine and the Radius, and taking the half of them. So the ſumot the 
laſt ſeventh ſine and the Radius is 18932, 1909, and the half of thar 
9466, 0953, which is the mean proportional (ine required, and be- 
_ longethto 17 gr. whoſe Complement is 73 gr. and the double of thar 
146 gr. the ſame Azimuth as before. 


Is the ſecond Example. 
( 
Declin. North 20 gr. © w, The diſtance 70 gr. Om. 
Alrieude bS_ © The Complement 78 © 
| Laticude N. 51 30 TheComplement 38 30 
The ſum of all three 186 30 
The half ſum | 93 Is 
The difference ©3 13 


The firſt operation will be to find the fourth (ine, and that is here 

:9784, 5539, as inthe former Example. | 
The ſecond operation will be to find the ſeventh ſine ; and ſo bere 
the ſine of the half ſum 93 gr. 15 », being the ſame with the (ine of 
86 gr.45 m. his Complement to 180gr. I find it to be 999g, 3009, to 
which I add 9596, 3153, the ine of the difference 23 gr.15 m. and 
the ſum is 19595, 6162. From this I rake the fourth ſine 9784, 5539, 
and the remainder will be 9$11, 0623 for the ſeyenth line, and be- 
e 


The oft of the Line of Sines and Tangents: 277 
| Thethird operation will be co find the mean proportional Sine be- 
eween the ſeventh Sine and the Radius. And ſo here the Radius being 
added cothe ſeventh Sine, the ſum will be 19811, 0623, and the halfot 
that 9905, 5371, doth give the mean proportional Sine belonging to 
about 53 gr. 34 m. whoſe Complement is 36 gr. 26 #». and che double 
of that 72 gr. 52 w.the [ame Azimuth as before, 

I have ſer down theſe three Examples thus particularly, char I mighe 
ſhew the agreement betweenche Safe and the Canon. Bur otherwiſe I 
night deliver both the Precept and che Work, for the ewo laſt, more 
compendiouſly. For generally in all Spherical Triangles, where three 
ſides are known, and an Angle required, make that ide which is oppo- 
lice cothe Angle required, to be the Baſe ; and gather the ſum, the half 
ſum, and the difference as before, 


Asthe ReRangle contained under the Sines of the (ides, 
is tothe Square of che whole Sine z (difference, 
So the ReAangle contained under the Sines of the half ſam and the 
to the ſquare of the Co-(ine of the half of the Ange!. 


Then for the work, we may for the moſt part leave out the ewo lalt 
figures; andif they be about 50, pur an unite tothe lixth place, afrec 
this manner. 


The ſecond Example, 


70gr. Om 
78 © 9990] 40 
38 30 9794 | 15 


136 30 19784 | 55 


93 iy 9999} 30 
23 IS 9596 | 32 


20000 | 00 
N= IE 4 
39595 | 62 
19811 | 07 
36 a6 gygog 1 53 $3 $5. 34m 


In 8 


Wherefore inftead of ſubtratin 
afcer this manner : 


70 2r. 
« 78 © 
38 3o 
186 30 
93 Is 
2x 15 
$26; 26 
72 || 42 
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Or for ſ:ch Numbers as are to be ſubtrafted, I may rakethem out 
" of the Radius, and write down the reſidue, and then add them toge= 
cher with the reſt. -A$ inthe ſame ſecond Example, the Sines of 78 gr. 
andof 38 gr. 30m. being,the Numbers to be ſubtracted ; if I rake 
9990, 4044 the Sine of 78 gr. out of the Radius 10000, 0000, the 
relidueis 9, F956: and (0 the reſidue of 9794, 1495 is,205+ 8505. 
g theſe Sines, I may add theſe reſidues 


$3 gre 34-18. 
107 8 


Having theſe means to 
find the Suns Azimuth, we 
may compare it with che 
M tical Azimuth, and 


ſo findthe variation of the 


Needle. 

For let the Circle 
AM B, drawn by the Cen- 
ter Z, be aPlane, parallel 
to the Horizon; A the 
Point whereon the Sun 
bears from us, M the North 
point of the Magnetical 
Needle, and the. Angle 
AZM, the Mapnetical 
Azimuth. If we find the 


' Suns Azimuth as before, to be 72 gr. 52 . from the North to the 


Welſtwar d, 


> VU SS WARE ns mom eo eo men 


The uſe of the Lines of' Sines and Tamgentre 279) 
Weſtward, we may allow-{o many gr. from A unto N, and ſo we have 
the true North point of the Meridian, and conſequently, the Eaſt» 
South, and Weſt Pointyof the Horizon, and the dittance between N 
and M ſhall be the variatioriof 'rhe Needle. Sothar if the Magnetical 
Azimuth A Z M ſhall be $47; 7 m. and the Suns Azimuth AZN 
72.gr, 52 m, then muſt NZM chedifference between the two Meri- 
dians, give the variation to/be 11 gy. 15 w. as Mr. Borowgh heretofore 
found it by his oblerntion Limehouſe inthe year 1580. Bur if tho 
Magnetical Azimuth Z/M ſhall be 79 gr. 7 ms. and the Suns Azimuth 
AZN732gr,52 then ſhallthe variation N Z M be only 6 gr. 15 ». 
as I have ſometimes found it of late, Hereupon I enquired after che 
place where Mr, Borough obſerved, and went ro Limehouſe with ſome 
of my Friends, and took with us a Quadrant of three foot Semidiame- 
ter, and ewo Needles, the one above 6 inches, and the other 10 inches- 
long, where I made the Semidiamerer of my Horizontal Plane A Z 
12'inches : and towards night the 13 of J«ne 1622, I made obſeryation- 
in ſeveral parts of the ground, and found as followeth : 
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CHAP. VI. 


Containing ſuch nautical queſtions, as are of ordinary | 
uſe, concerning Longituae, Latitude, Rumb, 
and Diftance. 


| Is Tokgep an account of the Ships way. 


T He way that the Ship maketh, may be known to an 
old Sea-man by experience, by others it may be 
found for ſome ſinall proportion of time, either by the 
Log Line, or by the diſtance of two known. marks on the 
S'1ips lide.. 

Therime in which it maketh this way,maybe meaſured 
by a Watch, or by a Glaſs, or by the Pulſe, or by re- 
peating a certain number of words. Then as long as 
the wind continueth at che ſame ſay, it followeth by pro- 
portion, | 

Asthe time given, is to an hour : 

So the way made, to an hours way. | 

Suppoſe the time to be 1 5 ſeconds, which make a quar- 
ter of a minute, and the way of the Ship. 88 feet: then 
becauſe there are 3600 ſeconds in an hour, I may extend 
the Compaſſes in the Line of- Numbers, from 15 unto 
3600, w the ſame extent will reach from $8 unto 
21120, Gr 1 may extend them from 15 unto 88, and cis 
extent will reach from 3600 unto 21120, according to 
the ordinary work in Arithmedick, 

As 15, unto 3600 : 

So 88, unto 21120. | 
Which ſhews that an hours way came to 21120 feet. 

But this werean unneceſſary bulineſs,to hearken after 
feeror fathoms. It ſafficerh our Sea-men..to find the way 
of their Ship in Leagues or Miles. 

And they ſay thatthere are 5 feetin a __ I 000 Paces 


in a Mile,and 60-miles in a degree, and therefore _ 
ect 
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feet ina degree, Yet comparing ſeveral obſervationsy” and their mea- 
ſures with our feer ufual about Londos, I find that We may allow 
252000 feet to a degree; and then if I extend the Compaſſes in the 
Line of Numbers from 352000 unto 21120, I ſhall find the ſame ex- 
rene to reach from 20 Leagues, the meaſure of one degree, to 1,2,und 
from 60 miles 03, 6, according to Aricthmetick, which ſhews the hours 
_ be 1 leapuezand 2 w_ of a league, or 3 miles and 6 tenths of 
a M1!E, ' 

As 352000, unto 21120: 
$0 20, OO, unto 1, 20, 
and 60, 00, nnto 3, 60, 

But to avoid theſe fraftions, and other tedious redutionm,1-fuppoſe* 
it would be much berrer co keep this account of the Ships way ( as 
alſo of the difference of Latitude, and the difference of Longicude ) 
by deg. and parts of deg. allowing in 100 parts go each deg. which we 
may therefore call by<he name of Centeſms. For ſo doing there would 
be ſome agreement between the account and the days ſayling. Ocdina- 
rily the ſhip goesa degree in a day, as it may appear by comparing ſe- 
veral Journals to the Eaſt and Weſt Jadies, The time of paſſage be- - 
eweenthe Lizard and the Southermoſt Cape of Africa, is commonly 
ſaid robe about 3 months, and the diſtance is not much different from 
90 degrees. 

_ this account by degrees and Centeſms would be more exact ; 
and the addition, ſubtraRion, multiplication, diviſion of them more 
ealie, Neither would this be hard to conceive, For, 

Centeſmr, Minter, Leagues. 
If 100 do equal 60 and 20, (4 
then Fo Hall equal zo and 10, 
and F be equal * 3 and I, 

And ſo inthe former example of '82 feet in 15 ſeconds, having firſt 
found that the hours way is about 21120 feet. 

If I extend the Compaſſes from 35 2000, unto 21120, as before, 
I ſhall find the ſame extent to reach from 100 uncs 6, as before, which 
ſhews that the hours way required is 6 Cent, ſuch as 100 do make a 
degree, and 5 do make an ordinary league. 

This might alſo be done at one operatior. For upon theſe ſuppoli- 
tions, divide 44 feet into 45 lengths, and ſer as many of them as you 
may conveniently between ewo marks on the ſhips ſide, and note the 
ſeconds of che time in which the ſhip goeth theſe lengths, ſo the pro- 
portion will bold, : Av. 
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As the ar tothe lengths : 
So 1 howwyunto the Centeſms. 

The lengths divided by the cime, ſhall give the Cent. which the ſhip 
goeth in an hour. 

Suppoſe the diſtance between the two marks tobe 60 lengehs(which 
are 5$ feetand & inches ) and let thetime be 12 ſeconds : extend the 
Compaſſes from 12 eo 1, inthe Lige of Numbers ; ſo the ſame extent 
will reach from 60 anto 5. Or extend them from 12 unto 60, andthe 
ſame extent will reach from 1 unto 5, This (hews that the hips way 
is according to 5 Cent, in an hour, 

Tais may be found yet more ealily, if che Log-line ſhall be fitted to 
the time, As if the time be 45 ſeconds, the Log-line may have a knor at 
the end of every 44 feert;then doth the hip run ſo manyCent.in an hour 
as there are knots yered out in the ſpace of 45 ſeconds.If 30 ſeconds do 
ſeem to be a more convenient time, the Log-line may have a knot at the 
end of every 29 feetand 4 inches; and then alſo the Cent. will be as 
many as the knots: Or it the knots be made to any ſet number of feet, 
the time may be fitted unto the diſtance. As if the knots be made ar 
the end of every 24 feer, the Glaſs may be made 24 ſeconds,and ſome- 
what more than an half of a ſecond, and ſo theſe knots will ſhew the 
Cent. If there be 5 knots vered out in a Glaſs, then g Cent. if 6 knots, 
thea the ſhip goeth 6 Cent. in the ſpace of an hour, and ſo inthe reſt. 

For upon this ſuppoſition, the proportion berween the time and the 
feet will beas 45 unto 44. Bur according to the common ſuppoſition, 
it ſhould ſeem to be as 45 unto 375, or in leſſer terms, as 6 unto 5+ 
Thoſe which are upon the place may make proof of both, and. 
follow that which agrees beſt with cheic experience. 


2, By the Latitude and difference of Longitude, to fiad the diftance upon 4 
conrſe of Eaſt and Weſt. 


Asthe Sine of 90 gr. 
eo the Co-line of the Laticude : 

So the difference of Longitude atthe Equator, 
co the diſtance required on the parallel. 


Extend the Compaſſes from the Sine of 90 gr. unto the Sine of the 
Complement of the Latitude ; the ſame extent ſhall reach in the Line 
of Numbers, fromthe difference of Longitude to the diſtance. 

| $0 


So the meaſure of one degree in the Equator being 100 Cents the 
diſtance belonging to one deg. of Longitude in the Latitude of 51 gr, 
30 m, will be found about 62 Cent. and 2. 

Oc if che meaſure of a degree be 60 miles, the diſtance will be 
found about 37 miles and4.' If the meaſure be 20 Leagues, then 
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almoſt 12 Leagues and 4, if the meaſure be 17 4, as inthe Spaniſh 
Charts, then ſomewhat leſs than 11 Logue _— upon this parallel, 
will givean alteration of "one degree of Longitude, 


3. By the Latitude and diftance upon 4 conrſe of Eaft w Weſt, to find the 
difference of Longitude, 


If the diſtance be given in Leagues or Miles, reduce them into Cen- 
teſms, then will the proportion hold. 


As 
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As the Co- fine of the Latitude, 
ro the Sineof 90 gr ; 
So the diſtance on che Parallel 
co thedifference of Longitude. 


"A "Extend the Compaſſes from the Sine of the Complemenc of the La- 
rirude, tothe Sine of 90 gr. the ſame extent will reach in the Line of 
Numbers from the diftance to the difference of Longitude. 
So the diſtance upon a courſe of Eaſt or Weſt, in the Latitude of 
*F51 gr. 30 ww, being 100 Cent. the difference of Longitude will be 
found 1,60, which make one degree and-60 Cent. or 1 gr. 36 m, 
Or if it be 60 miles, the difference of Longitude will be 96, which 
allo make 1 gr. 36 mas before, | 
4+ The Longitude and Latitude of two places bring given, to find the Rumb 
leading from the one to the other. 


As the difference of 'Latiende, 
tothe difference of Longicude: 
So the Tangent of 45 gr, 
-cothe-Tangent of the common Rumb, 


Extend the Compaſſes in the Line of Numbers: from the difference 
of Latitudes to the difference of Longitudesz the ſame extent will 
give the diſtance fromche Tangent of 45 gr. unto the Tangent of the 
Rumb, according ro the ProjeRtion of che Common Sea-charr. 

Sothe Laticude of the firſt place being5o yy. the Latitude of the 
ſecond 52gr. 30 mm, and the difference of Longitude 6 gr. the Rumb 
will be found to be about 67 gr. 23 m. which is near the inclination 

'of the (ixth Rumbto the Meridian. But this Rumb fo found is always 
+greater than it ſhould be, and therefore to be limited.z which may be 
done ſufficiently for che Sea-mans uſe, after this manner : 


'As the Sine of go gr. 
to the Co-lineot themiddle Latitude : 
Sothe Tangent of the common Rumb 
co the Tangent of the Rumb required, 


Extend” 


Sines 4yd Tangents itt Navigation, 2.5 
/ _ Extend the Compaſſes either from the Sine of go gr. untothe Sine 
of che Complement of che midd'e Laticude, the ſame extent willreach 
from the Tangent of the Rumb before found, unto the Tangent of the 
Rumb limited. | 
Or elſe excend them fromthe Sine of 90 gr. unto the Tangent of the 
Rumb before found ; the ſame extent will reach from the Sine of the 
Complement of the middle Laticude, unto the Tangent of the Rumb 


limiced. 

So the middle Latitnde between 50 gr. and 52 gr. 30 mm, being 51 gy. 
15 »». and the Rumb before found 67 gy. 23 wv. the Rumb limited will 
be found to be about 56 gr. 20 ws. which is but 5 ww, more than the in- 
clination of the fifth Ramb to the Meridian. .. 

If any pleaſe to work by the Canon, he may joyn both theſe in one 


operation, 


As the difference of Laticude, 
cothe difference of Longicude : q 

So the Co-ſine of the middle Latitude, 
ro the Tangent of the Rumb required. 


2. This Rumb may be found by the help of the Xeridian Line upon 
the Staff, Por if Itake the difference of Latitude out of the Aeridiax 
Line from 50 gy. unto 52 gr. 30 m. and meaſure it in his EquinoQial, 
or at the beginning of the Aeridian Line, I ſhall find it there to be 
equal to 4 gr. which may be called the difference of the Latitude in- 
larged. Wherefore I work as if che difference of Latitude were 4 gr» 


Asthe difference of Latitude iglarged, 
tothe difference of Longitude ; 


So the Tangent of 45 gr- 
tothe Tangent of the Rumb required, 


And extend the Compaſſes in the Line of Numbers from 4 unto 6 : 
ſo ſhall I find the ſame extent to reach from the Tangent of 4 gr 
untorhe Tangent of 56 gr. 20». and this is the inclination of the 


Rumb required, 


Pp 6G, By 
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6. By the Rumb and both Latitndes, ts find the diſtance upon the Rumb. 


As the Co-ſine of the Rumb from the Meridian, 
cothe Sine of gw gr. 

So the difference berween both Latitudes,. 
co the diſtance upon the Ramb, 


Extend che Compaſſes from the Sine of the Complement of the - 
Rumb,unto the Sihe of 90 g4.rhe fame exrett in the Line of Numbers 
—_ _ from the difference of Lytitade ufito the diſtance upon 
the Rumb. $1 

So the Latitude of the firſt place bei 5 Fe. the Latitade of the 
fecond 52 gr. 39 ww. and the Rumb the fifch from the Meridian. If I 
extend the Compaſſes from 33 gr. 45.7. untothe Sine of 90 gy. I ſhall 
find the ſame extent inthe Line of Numbers co. reach fro.ti 2 gr. 50: 
Cent. tO 4 gr. $O Cent, and (uch is the diſtance required; 


7. By the diſtance and both Latitndes #0 find the Ruwb, 


As the diſtance onthe Ramb, 
to the difference bettveen both-Laticudes : 

So the Sine of go gr. | 
rothe Co-line fe the Rumb from the Meridian. 


Extend the Compaties in the Line of Numbers from the diſtance 
vato the difference of Laticndes; the ſame extent will reach in the 
Line of Sines from go gr. anto the Complement of the Rumb. 

So the one place being in the Latieude of 5o gy. the other in the 
Latitude of 52. gr. 30». and the diftance b&weenrhem 4 gr. 50 Cent. 
* If Lextend the Compaſſes from 4.50 unto t. 50 in che Line of Num- 
| bers, I hall find the ſame extentco reach from the Sine of 90 gr. unto 

the Complement of 56 gy. 15 ms, and ſuch is rhe inclination of che 


Rumb required. 


$. Byove Latitude, Rumb and diſt ance,to find the difference of Latitades, 


Az the Sine of 90 gr. | 
_ tothe Con (ingot the Rumbfrom the Meridian ; 
So the diſtance upen the Rumb, 

tothe difference berween both Laticndes. 


Extend the Compaſſes in the Line of Sines, from go gy, unto the 
Complement of the Rumb, the ſame extegt in the Line of Numbers, 
will reach from the diftance, unto the difference of Latitudes. 

Sothe leſſer Latitude being 50 gr- and the diſtance 4 gr. 50 (ent, 
upon the fifth Rumb from the Meridian : If I extend the Compaſſes 
from the Sine of go gr. to 33 gr. 45 mv. I ſhall find the ſame extent to 
reach from 4, 50 in the Line of Numbers unto 2» 50 ; and therefore 
the ſecond Latitude to be 53 gr. 30 w. 


9.By the Rub and both Latitndes, tofind the difference of Longitale. 


Asthe Tangent of 45 gr. 
to the Tangent of the Rumb from the Meridian - 
So the difference of Laticudez 
to the difference of Longitude in the common Sea-chart. 


Extend the Compaſſes from the Tangent of- 45 gr. untothe Tangent 
of che Rumb the ſame extent will reach in the Line of Numbers trom 
the difference of Laticudes anto the difference of Longirude, accord- 
ingto the Projetion of the Common Sea-charr. | 

So the firſt Latitude being 50 gy. and the ſecond 52 gr. 30a. and the 
Rumb the fifth from the Meridian : if I extend the Compaſſes from 
che Tangent of 45 gr- unto 56 gr. I5 ae. I ſhall find the ſame extent co 
reach from 2. 50 in the Line of Numbers to be about 3. 75, which 
make 3 gr. 45 w. But this difference of Longitude ſo found, isalways 
leſſer than it ſhould bey and therefore to be enlarged, which may be 


done ſufficiently for the Sea-mens uſe after this manner : 


Asthe Co-ſine of the middle Latitude, 
tcothe Sine of go pr. 
Yo the difference of Longitude in the common Sea-chart, 


tothe difference of Longiude —_ wth 
p 2 xten 
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Extend the Compaſſes from the Sine of the Complement. of che 
middle Latitude, unto the Sine of 90 gy. the ſame will rezch inche 
Line of Numbers from the difference ot Longitude before found, unto 
the difference of Longitude inlarged. 

So the micdle Latitude in this example being 51 gr. 15 m. andthe 
difference of Longicude before fond, 3 gr. 95 Cent. the difference of 
Longitude inlarged will be found about 5 gr. 99 (ent. which re 
near 6 gr, 

' {Tf any ples to work by 4he Canin, he may joyn both theſe in one 
operation. 


As the Co (ine of the middle Latitude, 

to the Tangent of the Rumb from the Meridian: 
So the difference of Latirude, 

co the difference of Longitude required. 


2, Ti i; difference of Longitude may be found by help of the Me- 
ridian Line upon the Staff, Forif I take the proper difference of La- 
ticude out of che Meridian Line, and meaſure it in his EquinoQial, or 
at the beginning of the Meridian Linegl ſhall find the Latitude inlarged 
to be equal to tour of thoſe degrees. 


As the Tangent of 45 gr. 

to the Tangent of the Rumb from the Meridian : 
So the difference of Latitude inlarged, 

co the difference of Longitude required. 


Wherefore having extended the Compaſſes, as before, from the 
Tangent of 45 gr. unto the Tengentof 56. gr. 15m. the ſame extent 
will reach from 400 in the Line of Numbers, unto 5. 99, which ſhews 
thedifferenceof Longitude to be about 5 gr. 99 Cent. or about half a 
minute ſhort of 6 degrees. 


19. By th: Rum) and both Latitades, to find the diſtance belonging to the 
Chart of Mercators Projed;on- 


Take the proper difference of Laticude; out of che Meridian Line 
of the Chart, ard meſure it in his EquinoRial, or one of the Parallels, 
and it will there give the difference of Latituce ialarged- - 

$ 


3& 


| Sines and Tiwgent: in Nevigation, 


Asthe Co-line of the Rumb from the Meridian, 
ro the Co-line of 90 gr, 

So the difference between both Latitudes, 
co the diſtance upon the Rumb, 


Then extend the Compaſſes from the Sine of the Complement of \ 
the Rumb nato the Sine of go gr. the ſame extent will reach inthe 
Line of Numbers, from the Laticude inlarged, unto the diſtance re-* 
quired. Or extene them from the Complement of the Rumb to the 
Latitude inlarged, the ſame extent will reach from 90 gr. uno the 
diſtance. 

For example, Let the place given be A, in the Laticude of 50 gr. D, 
in the Laticude of 52 gr. 30m. AM thedifference of Latitudes, and 
the Rumb M A D the fifth from che Meridian. Firſt, I take 0:1t A M, 
the difference of Latitudes, and meaſureitin AE, one of the Parallels 1 
of the EquineRial ; I find itto be very near 4 gr. this is the difference | 
of Latitudesinlarged. Then if I extend the Compaſſes from the Sine 'I 
of 3 3 gr. 45 w. the Complement of the fifth Rumb,unto tbe Sine 9o gy. '1\ 
I ſhall find che ſame extent to reach inthe Line of Numbers, from 400 
unto 7. 20, And this is the diſtance belonging tothe Chart. Where- 
foreT take out theſe 7 gr. 20 Cent. out of the Scale of the Parellel 
AE, and prick it down upon the Rumb from A unto D, where ir 
meeteth with the Parallel of the ſecond Latitude. Laſtly, f meaſure ir in 
the Meridian Line, ſetting one foot of the Compaſſes as much below | 
the leſſer Laticude, as the other above the greater Latitude, and find it 7 
tobe4gr. 50 Cent. which is the ſame diſtance that I found before in | 
the 5 Prop. 


11. By the way of the ſhip, and two Angles of poſition, to find the diſtance 
between the Ship and the Land. 4 T , 


msy be obſerved either by the Staff, or by a Needle ſer on the Staff. 
For example, ſuppoſe that being at A, I had ſight of the Land at B, 
the Ship going Eaſt Northeaſt trom A coward C, and the Angle of 
the Ships Poſition B A C being 43 gr. 20 ww. and afcer thatthe Ship 
had made 10 (en. or two Leagues of way from A unto Dl _ 

exVve | 


. 
3 
———— af - 


| 
| 
The way ofthe Ship may be known as in the firſt Prop. The Angles | 
[ 
| 
| 
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ſerved again, and found the ſecond Angle of the Ships Poſition B D C 
to be 58 drg. or the inward Angle BDA, tobe 1 12 deg. then mayT 
fnd the third Angle ABD, tobe 14 deg. 40m, bicher by Subtraftion, 
or by Complement unto 189 gy. 


In this and the like caſes, I have a right Line Triangle, in which there 
is one {ide and three Angles known, and it is required co find the other 
' ewo lides, and the Canon tor it is this : 


As the Sineof an Angle oppoſite tothe known ſide, 
is to that known (ide : 

So the Sine of the Angle oppoſite to the (ide required, 
is tothe (ide required. 


Wherefore I extend the Compaſſes from 14 gr. 40m. inthe Sines, 
to10inthe Line of Numbers, and this extent doth reach from 58 gr. 
co 33 },and ſuch is the diſtance between A and B, and it reacheth trom 
43 gr-20 . unto 27 in the Line of Numbers; and ſach is che diſtance 

from Deo B. | 
Theſe ewo diftances being known, I may ſet out the Land __ che 
hart. 


wviim 


hd 


Chart. For having ſet dbwa the way of the Ship, frota A to D, by 


that which I ſhewed before in the uſe of the Meridian Line, I may by 


the (ame reaſon ſet off the diſtance A B and D B,which meeting in the 
Point B, (hall chere refemble the Land required, 


13, By knowing the diſtance between two places on the Land, and bow they 


bear one from the other, and having the Angles of Poſition at the Ship, . 


#0 find the diff ance between the Ship and the Land. 


If it may be conveniently, let the Angle of Poſition be obſerved 
at ſuch time as the Ship cometh cobe right over againſt one of che 


places. Asif the places be Eaſt and Weſt, ſeek to bringone of them - 


South or North from you, and then obſerve che Angle of Policion, ſo 
fhall you bave a right Line Triangle, wich one (ide and three Angles, 


whereby to find the ewo other (ides. Firſt, you have che Angle - 


or Poſition at the Ship, then 8 right Angle at the place that is over 


againſt you, and the third Angleat the other place is the Complement - 


tothe Angle of Poſition. Wherefore, 


As the Sine of the Angle of Polkion, 

is to the diſtance between the two places e 
So the Co-ſ(ine of the Angle of Poſition, 

eothe diſtance between the Shjp and the neater place. - 
And fo is the Sine of go gr, 

rothe diſtance from the Ship to the farther place : - 


Sothe places being 15 Cen#. or three Leagues one from the other; . 


and the Angle of Poſition 29 gr. the nearer diſtance will be found 
about 72 Cent. and the further diſtance about 31 Cent. 


Or howſoever the Angle of Pofition were obſerved, the diſtance + 
between the Ship and the Land may be found generally as in this - 


example: 


Suppoſe A and D were two head Lands knownto be Eaſt NortheafRt, . 


and Weft Sonthweſt, 10 Cent. or two Leagies one from the other ; 
andthat the Ship being at B, I obſerved the Angle of the Ships Poſi- 


tion DB A, end foundirto be 14 gr. 40 ww, and that D did bear 9 gr. . 


30 w.and A 24 gr. 10w,. from the Meridien BS, this example would 
be like the former. Por if the Angle SB D beggr. 30m. fromthe 
South to the Weſtward, then ſhall NDB be 9gr. 30 w. from the 
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Northtothe Eaftward. Take theſe 9 gr.30w,out ofthe Angle NDE, 
which is 67 gr, 30 mw. becauſe the two head Lands lie Eaſt Northeaſt, 
and there will remain 5$ gr, for the Angle BDE, andthe inward An* 
gleBD Aoutof 180gr. Take theſe two Angles ABD and BDA 
outof 180 gy. and there will remain 43 gr, 20 w. for the third Angle 
B A D. Wherefore here alſo are three Angles and one ide, by which 
I way find therwo other lides, as ia the laſt m 

Theſe Propoſitions thus wrought by the Staff, are ſuch as Irhoughe 
to be uſeful tor Sea-men, and thoſe that are skilful may apply the ex- 
ample to many others. Thoſe that begin, and are willing to praftice, 
may buſie themſelves with this which followeth. 

Suppoſe four Ports, L, N, O, P, of which L is in the Latitude of 
50 gre N is North from L 200 Leagues or 1000 (ext- O Welt from 
L r000 Cent, and Þ Weſt from N 1000 Ceres. ſo that L and O will be 
inthe ſame Latitude of 50 gr. N and P both in the Latitude of 60 gr. 
Then let ewo Ships depart 76 L, the one to crouch at O, the other ar 
N, and then both to meet atP, there to Lade, and from thence to re- 
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eurn the neareſt way unto L. Here many queſtions may be pro- 
oſed: 

| I. What is the Longitude of che Port at O from L ? 

2. What is the Longitude of Þ from N? And why O and Þ Chould 
not be the ſame Longicude? 

3. What is the Rumb from O unto P ? 

4. Whatis the diſtance from O unto P? And why the way Chou's 
be more from L unto P, going by O, then by N? ; 

5, What is the Rumb from Punto L ? 

6, What is the diſtance from Þ unto L ? - 

7. What is the Rumb from N unto ? 

8, What is the diſtance from N unto O? And why it ſhould not be 

the like Rumb and diſtance from N unto O, as from P unto L ? 
& Theſe queſtions well conſidered, and either reſolved by the Staff, or 
pricked down on the Chart, and compared with the Globe and the 
cammon Sea- chart, ſhall give ſome light tothe direRion of a courſe, 
and reduRion of places to their due Longitude, which are now fully 
deſtorted inthe common Sea-charts, 

Here follows allthe uſual Problems of failing, according to Here- 
tor, which are reſolyed Arithmetically by che Table of Logarichm 
Tangents, without the Table of Meridional parts,-and may alſo he 
performed Geometrically, by che TangentLine vpon the Croſs-ſaff if 
it be large. | 

Firſt, we areto know that the Logarithm Tangents from 45 gr.00m:; 
upwards, do increaſe in the ſame manner, that the Secants added toge- 
ther do, if we aecount every half degree above 45 gr. 00 m, to be 
one whole degree of MHercators Meridional Line; and fo the Table 
of Logarithm Tangents, is a Table.of Meridional parts, to every 
two minutes of the Meridian Line, leaving out the Radius in every 
Line. | 

The manner of making uſe of it thus, ( as it is ſhall more plalaly 
appear in the Examples of the following Problems) becauſe the Ta- 
bles begin at 45 gy. 00 #». and thatevery 30 w. is for a whole degree, 
when one, or both Latitudes are given in any queſtions, take the 4 of 
each Latitude, and add 45 gr. 0Om. to each of them, and take the 
Tangent of the ſum of each, tor the equal parts of the Latizudes given 
( negletingthe Radius as beforeſaid ) then ſubtradt the leſſer ſum of 
dies. parts from the greater, and the remainer divide by the Tangent 


ot 45, 30, the Radius negleResd, the Quotient ſhall be the equal or 
Qq EquinoRtiasl 
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EquinoRial degrees contained between che ewoLatitudes,or elſe multi- 

ply che foreſaid remainer by 10,and divide it by the hialf of che foreſaid 

Tangent o& 45 gr. 30 mw. and the Quotient ſhall be che equal or Equi- 
Wo*:: i Lads | 

noQial'LeSes contained between che two Latitudes. 


Example, 


E: one Laticude be 45 gr. 30 mw. the 3 is 22 gr. 45 mn unto which 

add 45 gr. ©0 m. the lum is 67 gr. 45 m». the Tangent above the 
Radius is 3 881591, let the other Latitude be 46 gr. 00m. the 7 is 
20 gr. 00 my, unto which add 45 gr. 00m. the ſum 1565 gr, 00 m.the 
Tangent above the Radius is 3313275, which ſubtracted from the 
former, the remajnder is56831: which being divided by 75803 the 
Tangent of 45 gr. 30m. above the Radius, the Quotient is 7 gr. 497 
parts, the EquinoQial degrees contained between the two Latitudes, 
or elſe multiply the remainder or difference g68316 by 10 and divide 
it by 37901, tlie + of the Tangent of 45 gr. 30m. above the Radius, 
and tle Quotient is 149. Lea, 94 parts, the equal or EquinoRtial 
Leagues contained between the ewo Latitudes, and the like of any 
other. 


_ PROBL. I, 


T he courſe and diſtance that the Ship hath run or (ailed, being given, 
to find the true place or point where the Ship « in Mercators 
Chart. 


ARC a Ship fail SSE 4 E 128 Leagues from Laticude45 gr. 30m, 
North Latieude, that is from A to E, according to the plain Sea- 
chart, I demand the true place or point that the Ship js at, according to 
CHMercators Chart. 

Before this queſtion can be reſolved, we muſt find what Laticudethe 
Ship is in,which is thus found : 

As the Radius is to the Sine of the CotaÞlement of the courſe 
59 deg. 04 m. SO is E A the diſtance vpon the courſe 128, to ADthe 
rrue difference of Laticude in Leagues, which is 110, This being con» 
verted into deg, and min. is 5 deg, 30 wv, and becauſe the Latitude de- 
creaſeth,. or the Pole is depreſſed, we ſubtraft it from 45. d. 30 wm. 
3nd rheremginder is 49 deg. o0-w.. the Latitude the Ship is in, chat is 

| at 


at E, according to the plain Sea-charr, or at C according to Mercater 
but before we can find the point C, we muſt find the diſtance of the 
point B in the Meridian Line from A: the manner how to doit is ſhew- 
ed in the Example before this Problem, and it is there found to be 150 
Leagues near, Nowthe point C, the true place of the Shipin Merce+ 
tors Chart may be found ewo ſeveral ways. 
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Firſt, As D Athe true diſtance of Latitude 110, isto AE the true 
diſtance run upon the courſe, ſo is B A the difference of Latitude en- 
larged 150,toA C 174+. the enlarged diſtance, which being laid off 
uponthe Line ofthe courſe, gives the point C, the erne place of the 
Ship in Mercators Chart, pf ce 
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Here we may take notice, that the true point of any place, according 
to che plain Sea-charr, or according to Mereators Charr, is always upon 
one and the ſame right Line of che courſe. 

Secondly, As the Radius is to the Tangent of the Courſe yo 4.56. 
ſo is A B the difference of Lacicude entarged 150, toBC go the diffe- 
rence of Longirude,which being laid off upon the Perpendicular B C, 
gives the point C, the true place of the Ship in Mercators Chart, 


T he comrſe that the Ship hath ſailed on, and both Latitudes being known, 
to find the true place or point that the Ship ts on in Mercators Chart, 
and the true diff ance that the Ship hath ſailed. 


Uppoſe a Ship to ſail SSEZE from the Latitude of 45 deg. 30m, 
uric be in the Luticude of 40 deg. 00 wm. that is from Aro E, ac» 
— ingto the plain Sea-chart,or from A to C,according to Mercators 
Chart. | 

Firſt, We muſt find the difference of Latitade enlarged, as is be- 
fore direRed, which is A B 150 Leagues, 

1, As the Radius is tothe Tangent of the Courſe, 30 dg. 56 mw. ſo 
is AB 150, toBC go, which laid off npon the Perpendicular B C, 
pives C the true place or point, which the Ship is on in CMercators 
Chart, 

2, As the Sine Complement of the Conrſe 59 deg. 04 mv. is tothe 
Radius, ſo is D A therrue difference of Latitude 110, to A E thetrue 
diſtance run vpon the Courſe 128, | 


PROBL, IIl, 


Both Lyatitades given, and the diſtance run upon the Conrſe, to find the 
point or place thatthe Ship « on in Mercators Chart, andthe comrſe 
er point of the C enpefighet the Ship hath ſailed on. 


Uppoſea Ship to ſail 1238 Leagues, between South and.Eaft, from A 

4nthe Latitude of 45 deg. 30 wv. and at the endof her diſtance, it. 
beinthe Laticude of 40 deg. 00m. 

Firſt, Find the difference of Latitude enlarged,as is before direted; 


whick.is AB 15@, R 
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1. AsD A 110, the true difference of Latitude, is to AE 128 the 
erue diſtance run, ſois B A150 thedifference of Latitude enlarged, 
wo AC 174 {; the diſance enlarged, which laidof uponthe Line A E, 
from A to C it ſhall be the true point or place that the Ship is on in 
CIHercators ProjeRion, 

2, ASAE 1328, the true diſtancerun, isto A D 110, thetrue diffe- 
reaceof Latitude, ſo is the Radins to the Sine of the Complement of 
the courle 59 deg. 04 m. which Complement 59 deg. 04 wv. ſubtract 
out of 9o deg, 00 mm, and the remainder is 30 deg,056 m.che courſe,and 
being it is berween South and Eaff, itisSS-E 3 Eafterly. 


PROBL. IV. 


Both Latitudes, and the departure or diſtance of the Meridian you are 
upon, and the Meridian you began your conrſe on, to find the point or 
place where you are in Mercators Chart, alſs the courſe that you 
have made good, ard the diſtance that you have run from the place, 


where you began your com ſes 


His Problem is chiefly uſeful for the Navigator, when he hath caſt 

up his traverſe. Admita Shipto ſail upon the Southeaſt quarter of 
the Compaſs, from Latitude 45 deg, 30 m.. unto Latitude 40 deg. 00 w, 
and the departure from the Meridian it went from) be 65 {-. Leagues. 

Firſt, Find the difference of Latitude enlarged, as is betore direted 
150 Leagues. 

1. AsAD 110thetrue difference of L:ticude, is ro DE 65 {; the 
departure from the Meridian, ſo is A B 150, the difterence of Lati- 
rude enlarged, to B C 90 Leagues, the difference of Long tude,which 
laid off uponthe Perpendicular B C, from B to© fhall be the point or 
place in Mercators Chart, where the Ship is. 

2. A8 AD 110hetrue difference of Latitude, is to DE 65 3; the 
departure fromthe Meridian, ſo is the Radius to the Tangent of the 
courſe 30 «, 56 m. that is two points & from the South ro the Eaſtward, 
thatis SS EZ E the courſe that the Ship hath kept, 

3. Asthe Sine of the courſe 30deg. 56 w..is tothe Radius, (o is 
DE65 7; the departure from the Meridian, co.E A. 128 the diſtance 
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| PROBL. V. 


B:1th Latitades being given, and the difference of Longitude, to the 
diſtance the SE Ehatk kept, and the diſtance it hah run. po 
Dmir a Ship to be at A in North Latitude 45 deg. 30 mw, and co fail 

Acomtaatoards, notil it beatE in Laticude 40 deg. 00m, accord- 

ing to the plain Chart, and the point C be the place in Mercators 

Chart where the Ship is, and the difference of Longitude be B C go 

Leagues. 

Fiſt, Find the difference of Latitude enlarged, as is before direted 
150 Leapues. 

1. As A B 150the difference of Latitude enlarged, is to BC 90,ſ@ 
is the Radiusto the __ of the courſe, 30 deg, 56w. which is two 
points Zthatis SSE 5 E. | 

2. As the Sine Complement of the courſe 59 4eg.04 mw. is to the Ra- 
dius, ſo is DA 110the true difference of Latitude, to A Ethetrue 
diſtznce run 128, 


PROBL, VL 


One Latitnde, with the courſe, and the difference of Longitude given, to 
find the other Latitndey and the diſtance run. 


Uppoſe a Ship to be in the Latitude of 45 deg. 30 mw, North Lati- 
O64 andto fail SSEZE ( until the difference of Longitude be 
go Leagues ) that is from A co C, which is che point or place of the 
Ship in Mercators Chart. 

1. Asthe Radius is to the Tangent Complement of the courſe 59 d. 
o4 9, ſo is C B che difference of Longitude 90, to AB 150 the diffe- 
rence of the Laticudeenlarged, by which mulrip'y 37901 the 4 of che 
Tangent of 45 deg. 30 wm. above the Radius, and divide the Produ& 
by 10, and the Quotient is F68515., Then take & the Latitude given, 
chez of 45 deg. 30 ms which is 22 deg. 45 mz. unto which add 45 deg, 
co mw. the ſum-is 67 dgg. 45 », then ſeek the Tangent of 67 deg. 45 w. 
above the Radius, which is 3881591, and ſubrrat the former Quo- 
tient 568515 from ir, and the remainer is 3313076, which ſeek inthe 
Tangent, and you ſhall find ir at 65 deg. oo wm. from which ſubtra&t 


45 4g. 
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deg, 00 w, the remainer is 20 deg, 00 m. which beinp doubled, is 
- "4 o0 ms. the Latirnde Salts x Pad we are to wo that if che 
Laticude had increaſed, we muſt have added the Quotient 568515 to 
the Tangent of 67 deg. 45 m. and ſo fought the ſum in the Tangents, 
ro have found the Laticuce required. 

2, Asthe Sine of the Complement of the courſe 59 deg. 04 mw. is to 
the Radius, ſo is D A ce crue difference of Latitude 110, to A E, the 
true diſtance run 128, | 

Although I have ſer down but the proportions and the anſwers to 
each queſtion, they my all be calculated by the Canon, and the Chi- 
liad of Logarithms in tl:is Book, 


APPENDIX, 


Concerning the deſcription and uſe of an Inſlrument, made in form 
of a Croſs-bow, for the more eaſie finding of the Latitude at Sea. 


TY former Prop. ſuppoſe the Latitude to be known, I will here 
ſhew it how it may be ealily obſerved. 
Lpon the Center A, and Semidiameter A B, deſcribe an Ark of a 


_ « I ne ny rr vm. a 
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CircleS B N, The ſame Semidiameter will ſer off 60 gr. fromB unto$ 
for the South end,and other 60 gr. from B unto N for the North end 
of the Bow: ſo the'whole Bow will contain 120 gy. the third part of a 
Circle. Letic therefore be divided into ſo many degrees, and each . 
degree ſubdivided into (ix parts,that each pare may be ten minutes : bur 
let the numbers ſerto it be 5,10, 15, unto 90 gr. and then again 5,10, 
15, unto 25, that5 5 may fall in the middle, as in this Figure. 

The Bow being thus divided and numbred, you may ſee che months 
and days of each month upon the back, and ſuch ſtars as are fic for ob- 
ſervation upon the \ide of che Bow. | 

If you deſire to make uſe of it in North Latitude, you may number 
23 gr. 30 9, fromgo towards the end of the Bow at N, and there place 
che centh day of Fwne, And 23 gr. 30m. from go towards S; and 
there at 66 gr. 30 w. place the cenqb day of December. And ſothe 
reſt of the days of the year, according tothe declination of the Sun 
at che ſame days. | 

The ſtars may be placed in like manner according to their Declins- 
tions, tO the year 1670, 


ArQurus 20 gr, 57 mm. 

The Bulls Eye Is #47 

The Lions Heart 13 32 

The Vultures Heart 8 8 

The little Dog 6 o from go toward the 
North end of the Bow at N. Then for Southern ftars, you may number 
their declination from go toward the South end of the Bow atS. As 
firſt che chree Stars in Qylons Girdle, 


. Cricftar | O gr. 37 . 
Girdle the Y&eond "190 
' Third 2 9 
be Hydra's heart 49" 16 ? 
- The Virgins Spike i'9 24 h 
| Thegreat Dog [17s |'9 
Aquaries Leg [37 | 33 
The Whales Tail 19 48 
eScorpions Heart 25 37 
Fomahant I 16 And ſo the South crown, 
the Triangle, the Clouds, the Cr fer or what other Stars you tchink 
fit for the obſervation, This I call gk foreſide of the Bow. Y 


before. 


The chiefeft of the Northern Stars may here be placed in like 
manner, according to their declination, Anno 1670, 


The Pole Star ar 87 gr. 32m, 
The firſt Guard _ 24 
The ſecond Guard 73 i5 
The great wr oz 436 
; $7 #47 
In the ren Yeccond = 56 = 49 
hird FI 2 
The (ide of Perſeus 48 36 
The Goar E©ES_ 06 
The Tail of che Swan 44 9 
The Head of Meduſa ”” 
The Harp = 33 
Caſtor 32 33 
Pollux 28 47 
The North-Crown 27 50 
The Rams Head 21 30 
Arcturus 2® <7 
The Bulls Eye I5 37 
The Lions Heart 12 33 
The Vultures Heart \-Y o8 
Orions right Shoulder 7 19 
Orions left Shoulder 6 2 


And fo any other Star whoſe declination is known unto youz * 


which being done. The uſe of this Bow may be, 


1. Theday of the month being known,to find the declination of the Swn, 

2. The declination being given, to find the day of the month. 

Theſe two Prop. depend on the making 'p the Bow, If th 
r 


The deſeription of the Bow: 

If yon deſire to make uſe of ir in South Laticude, you may turn the 
Bow, and divide the back (ide of it, and number it in like manner, 
and then put on the months and days of the year, placing the tenth of 
Decemley at the South end,and thetenth of F«xe toward « 
the Bow, andthe reſt of the days according tothe Suns declination as 


3ol 


middle of 


eday be 
known, 
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known, fook it out in the back of the Bow: ſo the declination will ap- 
pezr inthe (ide. Or if the declination be known, the day of the month 
is ſet over againtt it. As if the day of che month were the 14 of July, 
look for this day inthe back of the Bow, and you ſhall find it over 
agdinft 20 gy, of North declination. If the declinatioa given be 20 gr. 
rothe Sourhward, you ſhall find the day to be eicher the eleventh of. 
Nivember, or the eleventh oft January. | 


3. To find the Altitude of the Sun, or Stays. 


Here it is fit to have two running ſights which may be ealily moved 
onthe back of the Bow. The upper light may be ſer either ro 60 gy. or 
to 70gr.or te $6 px. 85 you ſhall find eo be moſt convenient : che other 
light may be ſet on toany place between the middle and che ocher end 


of the Bow, Then with the one hand hold the Center of the Bow to - 


your eye, ſo as you may ſee the Sun or Star by the upright (ight, and 
with the other hand move the lower fight up or down until you have 
brought ene of the eeges of it, to be even with the Horizon (as when 
you obſerve with the Croſs-Rzf) ſo the degrees contained between 
that edge and the upper fighe, ſhall ſhew the Alticude required. 

Thus if the apper (ighe ſhall be at 8o gr.and che lower light at 5© gre 
the Altitude required is 30 gr. / 


4, To find any North Latitade, by the Meridian Altitude of the Sun at a 
forward obſerwation,knoning either the day of the month, or the decli- 
nation of the Swn, 


As oft as you are ty obſerve in North Latitude, place both the ſights 
on the forelide of che Bow, the upper light at the Declination of che 
Sun, or the day of the month at the North end, and lower {1ght coward 
the South end. Then when the Sun cometh co che Meridian, turn your 
faceto the South) and with the one hand hold che Center of the Bow to 
your Eye, ſo as you may ſee the Sun by the upper (ight ; with the other 
hand move the lower {ighr, untilyou have brought one of the edges of 
it. to be even with the Horizon : ſothat edge of the lower (ight ſhall 
thew the Latitude of the place in tbe fore-lide of the Bow, 

Thus being in North Laticude upon the ninth of Oftober : if I fer 
the upper ſight cothis day, at the fore-ſide and North end of the Bow, 


E ſhall find itto fall tothe Sourhward of 90 upon 8o gr. and therefore 
; at 


"{ 


in firdmg the Latitude. 
at 10 gy. of South declination. Then the Sun coming totle Meridian, [ 
may ter the Center of the Bow to mire eye, as if I went to find the Al- 
titude of the Sun, holdingthe North end of the Bow upward,with the 
upper ſight berween mine eye and the Sun, and moving the lower lighr, 
until it come to be even with the horizon. If here che lower light ſhall 
ſtay at 5O gr.. T may well ſay, that the Latitude is 90 gr. For the Me» 
ridian Altitude of the Sun is 30 gy. by the third Prop. and the Sun ha» 
ving 10 gr, of South declination, the Meridian Alticude of the Equa- 
tor would be 40 gr. and therefore the obſervation was made in 50 gy, of 
North Latitude. 
By the ſame reaſon, if the lower ſide had ſtayed at 51 gr. 90 w. the 
Laticude muſt have been 51 gr, 30 »». and ſoinche reſt, 


5. To find any North Lititude, by the Meridian Altitude of the Stars to 
the Senthward. 


Let the upper ſigh be ſet tothe Star, which you intend to obſerve, 
here placed in the fore-lide of the Bow. Then hold the North end of 
the Bow upward, and turning your face to the Soath, obſerve the Me- 
ridian Altitude as before : ſo the lower (ight (hall ſew the Laticude 
of the place in the fore- ſide of the Bow: 

Thus if in obſerving the Meridian Altitude of the great Dog-ſtar, 
the lower (ight ſhall ſtay at 5o gr. it would ſhew the Latitude to be. 
$O gr. For this Star being here placed at 73 gr. 48m. if we take thence 
50gr, bis Meridian Altitude would be 23 gr. 48 ms. to this if we add 
10 gr. 12 9. for the South declination ot this Star, it would ſhew the 
Meridian Altitude of che Equator to be 40 gr, and therefore the Lati- 
tudetobe 5O gy. 


6. Tofind any Noth Latitnde, by the Meridian Altitude of the Stars to 
the Nurthward, ; 


If the Bow be intended only for North Latitude ic may ſuffice co- 
have the degrees divided only onthe fore-l(ide, and then the Stars to 
the Northward may be placed either on the backſide or the inſide of 
the Bow by theſe degrees : the Pole-ftar at 87 gr. 20 mz. near the 20 
day of September, the formoſt guard at 75 gr. 45 w, the hindmoſt guard 
at73 gr. 25 m.andthe re(t according to their declinations betore men- 


tioned,ſorthe 90 deg. (hall repreſent che North Pole of the World. 
Rr 2 When 
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When any of theſe ſtars come to be in the Meridian, and under the 
Pole, ſetche upper light corthar Star, hold the North end of 'the Bow 
upward, 5nd turning your face to the North, obſerve his Alcitude as 
before ; ſothe degrees contained berween the go degrees and the lower 
ſighe, ſhall ſew the Alcicude of the Pole. 

Thus the former guard coming to be inthe Meridian,under the Pole, 
if you obſerve and find the lower fight ro ſtay at 40 gr. the Elevation 
of the Pole is 50 gr. accordingtothe diſtance between 40 and go, 

If you would obſerve any of theſe Stars, at ſuch time as they come 
to be in the Meridian, and above the Pole, you may place theſe Scars 
in the Bow above go gr. the North Star at 2 gr. 40 w. near the fourth 
day of September,the formoſt Guard at 14 gr-15 w.the hindmoſt Guard 
at 16 gr, 35 m, and ſuch others as you think ficreſt, according to their 
diſtance from the Pole : then ſetting the upper (ighe to the place of 
m_ above the Pole, the reſt of che obſervation will be the ſame as 

efore. " 

But if the Bow be made to ſerve at large, both in South and North 
Latitude, then theſe Northern Stars would be let placed on the back- 
. lide of the Bow, by the degrees on that ſide, according to the Com- 
plement of their decliaations, thatthe North Stars may anſwer to the 
North Sun in South Latitude, is ſuch ſort as the Southern Stars did to 
the South Sun in North Laticnde in the former Prop. This being done, 
letthe upper ſight be ſer to the Star which you intend to obſerve, here 
placed on the backſide of the Bow. Then hold tae North end of the 
Bow upward, and turning your face to the North,obſerve the Alcicude 
of the Star when he cometh to be in the Meridian, and under the Pole: 
foche lower ſight ſhall ſhew the Alticude of the Pole in the backlide 
of che Bow, 

Thus the former guard coming to be in the Meridian under che 
Pole, if you obſerve and find the lower (ight to ſtay ar go gr. ſuch is 
the Elevation of the Pole, and the Latitude of che place to the North- 
ward. For the diſtance beeween the two ſights will ſhew the Altitude 
to be 35 gr. 45 ms. and the Star is 14 gr. I5 w. diſtant from the North 
Pole. Theſe rwo do make up 50 gr. for the Eleyation of the North 
Pole, and therefore ſuch is the North Laticuſe. 


7.To 


in finding the Latitude. zo; 


7. To find any South Latitude, by the Meridian Altitude of the Sun at 4 
forward obſervation, knowing either the day of the month, or the 
declination of the San, . 


When you are come into South Latitude, turn both your ſights to the 
back (ide of the-Bow : the upper l(igbtto the declination of the Sun,or 
the day of the month at che South end, and the lower ſight coward the 
North end of the Bow. Then the Sun coming to the Meridian, turn 
your face tothe North, and holding the South end of the Bow upward, 
obſerve the Meridian A'ticude as before : ſothe lower (ight ſhall ſhew 
the Latitude of the plice in the backſide of the Bow. 

Thus being in South Latitude, upon the tenth of May, if you obſerve 
and find the lower (ight co ſtay at Zo gr. on the backlide 'of the Bow, 
ſuch is the Latitude. For the declination is 20 gr, Northward, the Al- 
tirude of the Sun berween the two fights 40 gr. the Altitade of the 
Equator 60 gr. and therefore the Latigude 30 gr. 


8. To find any South Latitude by the Meridian Altitude of the Stars to 
the Northward. 


Let the upper fight be ſet tothe Star which you intend co obſerve, 
here placed on the backſide of the Bow. Then hold the South end of 
che Bow upward, and turning your face tothe North, obſerve the Me- 
ridian Altitude as before : ſothe lower ſight ſhall ſhewthe Laticude of 
the place in the back fide of the Bow. 

Thus being in South Latitude, and the former guard comingto be in 
the Meridian over the Pole. If you obſerve, and End the lower light ro 
ſtay :t 5 gr. ſuch is the Latitude. For the Star is 14. gy, x5 ov. from the 
North Pole, the Altitude of the Star between the two lights 9gr.15 w. 
the North Pole deprefled 5 gr. and therefore the Latitude 5 gr. to the 


Southward, 
9, Toobſerve the Altitude of the Sun by the Bow,or with an Aﬀrolabe. 


Here itis fit to have athird (ighe ( like tothe Horizontal ſight be- 
longing to the ſtaff ) which may be ſet to the Center of the Bow. 
It the Sun be near tothe Zenith, bold the Bow as when you obſerve 


with the Aſfro/abey ſo as the Center being downward the Line A B 
| may 
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maybe vertical, and the Liae SN Parallel cothe Horizon, then turn- 
ing one end of the Bow toward the Sun, you may move one of che 


4g 
fghts ob the back of the Bow, until the ſhadow thereof fall on the 
middle of the Horizontal ſight, ſo the degrees contained between the 
Vertical A B, andthatupper ſight ſhall ſhew the diſtance of the Sun 
from che Zenith. :\ 

If the Sun be nearer to the Horizon, you may hold che Bow fo as 
the Line S N may be Vertical, and the Line A B Parallel co the Hori- 
« Zon, then obſerving, as before, the degrees contained between che 


'Line AB, and the upper (ight, ſhall ſhew che Altitude of the Sun 
above the Horizon. 


10, To find a Semth Latitude by the Meridian Altitude of the Stars tothe 


Semthward. 


' Let che upper fight be ſet to the Star which you intend to obſerve, 
which might be here placed on the foot ſlide of the Bow by the Com- 
- plement of their declinations, if we knew the true place of ſuch as 
are near-to the South Pole. - | 
Then hold che South end of the Bow upwzr7, and eurning your face 
' to the South, obſerve the Altitude when he comech to bein the Meri- 
dian, and under the Pole, ſo the lower (ight fhall ſhew the Altitude of 
' the Polein the forelide of the Bow. 


11. To obſerve the Altitude of the Sun backward. 


Set the upper lighteicher to 60, or 70, or 80 gy. as you ſhall find it 
to be molt convenient, the lower light on any. place between che mid- 
- dleandthe other end'of the Bow, and havean Horrz nal ſight to be 
ſetcothe Center. Then may you tutn your back to che Sun, and the 
beck-of the Bow toward your felf, looking by the lower fight through 
the Horizontal (ſight, and moving the lower light up and down uncil 
' the upper light do caſt a ſhadow upon the middle of the Hor'zontal 
ſight: ſo the degree, contained berween the two lights og the Bow, 
ſhall pive the Altitade required. | 
Thus if the vpper Gghr ſhall be at 8o gr.and the lower (1ghtat 5o gr. 
the Altitude required 1s 30gr.45 inthe ehird Prop. 
' O- if you turnhe other end of the Bow upward, and ſet che upper 
ſight ro the beginning of 'the Quadrant, and then obſerye as before, 
rhe lower (ight will hewthe Altitude. 
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12, T9 find any North Latitude by the Meridian Altitude of the Sun at 
a back obſervation, knowing either the day of the month, or the dc» 
elination of the S'wn. 


Place your three (jghes as before onthe fore-fide of the Bow : the 
upper ſight to the Ceclination of the Sun, or to the day of the monch, 
at the North end ; the lower Gght toward the Sonth end of the Bow 
andthe Horizontal ſight to the Center. Thentlie Sun coming to the 
Meridian, turn your tace ro the North, and holding the North end 
of the Bow upward, the South end downwards, with the back of it 
toward your ſelf, obſerve the ſhadow of the upper ſight as in the for- 
mer part of the fifth Pr-po/ition, ſo the lower fight ſhall ſhew the Lati- 
tude of the place inthe toreſide of the Bow. 


Thus being in North Laticude upon the ninth of Ofober, if you 
obſerve and find the lower ſight to ſtay at 5o gr. on the foreſide of 
the Bow, ſuch is the Laticude. For the declioation is 10 gr. South- 
ward, and the Altitude of the Sun berween che two ſights 30 gr. the 
Altitude of the Equator 40 gr. and therefore the Laticude 50 gr.as in 
the ixch Prop. 


1 3, To find any South Latitude by the Meridian Altitude of the Sun at - 
aback oſervation, knening either the day of the month, or the de- 
clination of the Sun. 


When you obſerve in South Laticude,. place your three ſights on 
the back \.de of the Bow : the upper ſight ro the declination of che 
Sun, or the day of the month at the South end ; the lower ſightro- 
wardthe North end of the Bow, and che Horizontal ſight cothe Cen- 
ter- Then the Sun coming to the Meridian, turn your face to the 
South, and holding the Sou end of the Bow upward, with the back 
of it coward your ſelf, obſerve the ſhadow of the upper ſight as be- - 
fore: ſo the lower ſight ſhall ſhew the Laticnde of the place in the 
back ſide of the Bow. 

Thus being in the South Latitude upon the tenth of Aſay, it you 
obſerve and find the lower ſight to ſtay at 30 gr. on the back of the | 
Bow, ſuch is the Alcitude of the Sun between the two ſights 40 gr. the 
Altitude of the Equator 60 gr, and therefore the Latitude 30 gr. as in 
the ſeventh Prop. 14.70 
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I4, To find the day of the month, by knowing the Latitude of the place, and 
obſerving the Meridian Altitude of the Sun. 


Place your three ſights according to your Latitude; the Horizontal 
ſighe rothe Center, che lower ſight to the Laticude, and upper ſighr 
- among the months. Then when the Sun cometh to the Meridian, ob- 
ſerve the Alticude, looking by the lower ſight chrough the Horizon» 
ral, and keeping the lower ſight Rill at the Laticude, bur moving the 
upper ſight until ir. give ſhadow upon the middle of the Horizontal 
ſight : ſo the upper ſight ſhall ſhewthe day of the month required. 

Thus in our Latitude if you ſer the lower ſight to 51 gr. 30 w. and 
obſerving find the Alticude of the Sun between that and the upper 
ſight ro be 28 gr, 30m. this upper (ighe will fall upon the ninth of 
Oftober, and the twelfth of February. And if yer you doubt which of 
chem two is the day, you mzy expe another Meridian Altitude ; and 
then if you findthe upper ſight upon the tenth of OFober, and the ele- 
venth of Febrsary, che queſtion will be ſoon reſolved. 


15. To find the declination of any unknown Star, and ſo to place it on the 
Bow, knowing the Latitude of the place, and obſerving the Meridian 
ltizude of the Star. 


When you find aStar in the Meridian that is fic for obſervation. Set 
© the Center ofthe Bow to your eye,the lower ſight roche Latitude,and 
move the upper ſight up or down until you ſee the Horizon by the 
lower ſight, and the Star by the upper ſighe, chea will the upper ſight 
ſtay at the declination and place of the Star. 

Thus being in 20 gr. of North Latitude, if you obſerve and find che 
Meridien Altitude ot the head of the Coſier to be 14 gr. 50w, The 
upper ſight will ſtay at 34 gr. $0 #». and there-may you place this Star, 
For by this obſervation the diſtance of this S:1r from ebe South Pole 
ſhould be 34 gr. 50 n.and the declination from the Equator 55 gr.10 m, 
And fo for thereſt. | 

The Scars which I mentioned before, do come to the Meridian in 
this order after the firſt point of Arie. | 


16. To find any North Latitude on land by olſervation with Thread and 


Plummet. 


Set the ſight to the day of the month ar the foreſide and South cod 
( 


in finding the Latitade, 305 
of the Bow: then when the San cometh to the; Meridian turning the 
North end in your left hand toward the South, ſo as the ſight art the 
Center may ſhadow the fight at the day, obſerve where the fal- 
leth, and abate 20 gy. if ic fall on 70 gr. the Latitude is 50 gr. If on 
71 gr. 30m. inthe Laticude is 51 gre 30m. Arid ſointhereſt, 

If the Bow had been made only for finding the Latitude on Land I 
might then have (er ſuch numbers to it as needed no allowance. 


17. To find any South Latitude on Land, by ebſervation with Thread 


Plummet. 


Set the ſight to the day of the month,atthe backſide and North end 
of the Bow, and when the Sun cometh, co the Meridian, turning the 
South end to your left hand toward the North, obſerve as before, and 
abare 20 degrees. 

Or you may ſec the ſight to the day of the month, at the foreſide, 
and Norch end of the Bow, and ſo obſerving as before, the Thread will 
fall on the Complement of the Latitiide. 3 30 


The right, Aſcenſion of theſe Stars is tothe year! 1670, 


KA 1... | H. M. 
The Pole Star at © '31 | TheLions Heart 9 50 
The Rams Head' 1' 48"| Thegreat Bears Batk 10 43 
The Head of Medofa 2 47 | Firſt ingr: Bears Tzil 12 3g 
The Side of Perkus 3 ©0 | The Virgins Spike | wn: 2 
The Bulls Eye 4 '17 | Secondingr.Bears Tail 13 12 
The Goat :- + 4 \'$2/ | Third in gr. Bears Tail 13 36 
Orions left ſhoulder 5 ©7 | Arqurus - 14 O2 
Orions Ye firſt 5 15 | The formoſt Guard 14 $3 
Girdle Ye ſecond 5s 19 | The North Crown IF 23 
the third 5 24 | The biadmoſt Guard 15 27 
Orions right ſhoulder 5 -. 37 | Scorpions heart 16 10 
The great Dog - - 16-- 31 j The Harp 18 25 
Caſtor 7 13 | Vulturs heart I9 35 
The little Dog 7 22 | Swans tail 20 31 
Pollux 7 35 | Fomahant 22 3$ 
The Hydra's Heart 9 11 | i 
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| «Pope Tz 
Auriga = 
Head | 
Left ſhoulder_ 
Hircus 
Cepheus Girs 
1le 321 28 | 69 07 J 
Riphr houlder .} 316 1@ ! 60 22 3} 
\Lete ſhoulder 349 16] 64 33] 4 
Head 329 41|56 23| 4 
| Righe foor 304 5117.6 52| 4 
Lefc foot = 41 - 32 3} 
Draco | | 
Tongue | 234 3! [54 55 
{Mouth [| 26rt 15 [55 30 
Eye 260 34 | 52 34 
| Head 267 , 04 | 51 21 
j't the -mid-2 {4 
qdle of the firit'> | 276. 41 | 56 44 | 
{winding | | 
ln the D. of ; 
he ſecond | 288 14 | 67 og 3 
tack £4 Þ | | | 
nthe 
"8 395 [7 34] 4 
_- ſecond | 09 58 73 23 | al 
the third 
wg 1} 3247 30 69 305 3 
fer the | 
ourth wind- 209 31] 66 32] 2 
ps | | 
aſt in the Tail | 67 þ \ Hg if 
The End of the Second Book- 


of the Croſs-Staff. 


fe) 


The right Aſcenſion, Declination, and 
' Magnitude of ſome principal. Fixed Stars. 


Right | Decli- Magni- 4 
The Stars Names, pro] nation. tude, 
—— emmpn—_  _ 1 
D. M[D.M.j | 
The Pole-Star T 471 87 27 | N | * 
The Girdle of Andromeds 12 3:| 33 48INFj2 
| The former Horn ef the Ram 23 38417 37|N] 4 
| Bright Star ia the Ram's Head 26 5621 438|NJ3 
The Whale's Jaw 1 44 3] >» 42|Nu | 
The Head of Meduſe 4t 27.139 35{N}] 3 | 
The Bull's Eye 64 of 15 a6 [N | I | 
The Goat » 44145 35}Nju 
The former Shoulder of Orion 6s 38] 4 59jN]: 
The latter: Shoulder of Orion 84 7] 7 18]N}z 
The great Do 97 27116 13]S [1 | 
The yppermoſt Head of the Twins, | 108 1|[3z 354N[2 
The little Dog | to 17] 6 61}N}: 
The lower head of the' Twins © * vjzt o[38 49]}Nh[s 
The Crib ; 125 F{] 29 $2 1 Neb, 
Hydre's Heart 137 394 7 10 2 
Lion's Heart 147 371 13 39 I 
Lion's Lojns | 163 $4 | 22 36 z 
| Lion's Tail 193 49 | is 32 l 
The Virgin's Girdle 189 321 5 20 3 
Aliot i189 36] 57 36 z 
Vindemiatrix 19 15] 12 51 3Z 
The Virgin's Spike 196 441 9 17]S | 
Art urns we | 208 56" 2 4 N I 
The Southern Balance 219 56|14 32 | S Iz 
The Northern Balance d 234 314.8, 21S | 2 | 
In the Serpent's Neck * ' 23t 49] 7 35|N}]3 
The Scorpion's Heart 242 4125 34S hi | 
Hercules Head 1 254 42514 Sl 'N | 3 
Opbinchus Head 259 "4i [iz 52 FN} 3 
The Harp | 276 17438 3oſNtn 
The Vulture . | 293 271 8 41i9N}jz 
The uppey Hornot the Goat 299 3o[13 z2fS}3 
Left Hand of [Aquarius 307 iO, lo 43 S 4 
Left Shoulder of 'Aquirius . 313 '18]} 7 2{S [3 
Pegaſus Mouth zz1 49] 8 18|N[3 
Right Shoulder'of Aquarius . [336 9 1.5818 43 
} Fomahant ates 4 (a0 196 339 39 jt 2319S | I 
JUpper Wing of Pegaſus. / 0 | 34V q3[13 wu [Nga | 
]In the tip © ' Pegaſns Wing 358 $2 [13 15]}N | L 
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The Uſe of the Lines of Numbers, Sines 
'- and Tangents, for the drawing of Hour-lines.on 
all forts of Planes. [5 


Here are ten ſeveral ſorts of Planes, which take theiy denortiinati- 
on from thoſe Great Circles to which chey are Parallels, and 
may ſafficiently for our uſe be gepreſented in'this one: Fanda- 
mental Diagram, and be known by their Horizontal and Perpendicular 
Linet, of {uch as know the Latitude of che Place, and the Circlez of the 
Sp ere,” ; Do, ; 7 v 

1, An Horizontal Plane parallct roche Horizon, here repreſenrechy che 
outward Cirde ESW N, x 

2. A Vertical Plane, parallel rothe prime Vertical Circle, which paf- 

ſeth chrough the Zegich, and ghe Points of Eaſt and Weſt in the Hori- 
Zon, and 1s right to the Horizon and che Meridian; that is, maketh right 
Angles wich them both. This is repreſented by EZ W. 
+ 3. A Polar Plane parallel co the Circle of the Hour of 6, which paſſerh 
chrough: the Pole, and the Points of Eaſt and Wc, being righc to the 
EquineRial and che Meridian, bat inclining tothe H >rizon, with an Angle 
equal to the Latitude. This is here repreſented by E Þ W. 

4. An EquinoQtial Plane parallel ro the Equino&tial, which paſſerth 
through the Poincs of Eaſt and Weſt, being right to the Meridian, but in- 
clining to the Horizon, with an Angle equal to che Complement of the 
Laticude. This is here repreſcured by E A W. 

5. A Vertical Plane inclining to the Horizon, parallel to any Great 
Circle, which paſſech' through the Points of Eaſt and Weſt, being right 
ro the Mcridsan, buc inclining to the Horizon, and yer not paſſing t 
the Pole, nor parallel to che EquinoGhal, This is here eneed cicher 
KIW,orEY W,orELW, | $64 68 0h : 
"2 (/ A Aaa 6A 


The Diſlintion of Planes. 


6: A Meridian Pfane parr{{cl to the Meridian, the Circle of the Hour 
of 12, which paſfeth chrough che Zenich, the Pole, and Points of the 
South and North, being right to the Horizon, and the prime Vertical, 
FÞis is here repreſented by SZ N. 

7, AMcridian Plane inclining to the Horizon, parallel to any Great 
Circle, which paffech through the Points of South and North, being righc 
to the prime Vercical, bur inclining to the Horizon, This is here repreſenc- 
ed bySGN., : 

9; A Vertical'Declining Plane, parallel to any Grear Circle, which paſ- 
ſeth chrough the Zenith, being righe to the Horizon, bur inclining co che 
Meridian, This isrepreſenced by BZ De pP 

% A. 


4 Deſcription of the Fundamental Diagram. 3 

9. A Polar Declining Plane, parallel co any Great Circle, which paſſerh * 
chrough che Pole, being right coche EquinoRial, bur inclining to the Mc 
ridian. This is here repreſenced by HP Q, 

10, A Declining Inclining Plane, parallel co any:Great Circle, which 
is right to none of the former Circles, wa declining from the prime Ver» 
rical, and inclining both to che Horizon and the Meridian, and all che 
. Hour-circles. This may here be repreſented either by B M D,or BF D,or 
BK D, or any ſuch Great Circle, which paſſerh neither through che South 
po North, nor Eaſt and Weſt points, nor chrough the Zenith, nor the 
Pole. | 

Each of theſe Planes (except the Horizontal) hath ewo Fzces whereon 
Hour-lines may be drawn, and ſo there are nineteen Phanes-in all. The 
Meridian Plane hath one Face to the Eaſt, and another to the Weſt : The 
other Vertical Planes haye one co the Souch, and another to che North, 
and the reſt one to the Zenich, and another to the Nadir ; bur what is faid 
of the one, may be underſtood of che other, 


Todeſcribe the Fundamental Diagrams 


The Deſcription of this Diagram is ſet down at large in the Uſe of my 
Seftor, Chap, 3. Burt for this purpoſe it may ſuffice, if it have che Vertical 
Circle, the Hour-circles, the Equator, -and the Tropicks firſt drawn in it, 
other Circles may be ſupplied afterwards, as we ſhall have uſe of chem z 
And thoſe may be readily drawn im this fnanner. 

Letche outward Circle repreſenting the Horizon be drawn,and divided 
into four equal parts with $N che Meridian and E W the Vertical, and 
each fourth part into 90 gr. That done, lay a Ruker to the poineS, and 
each Degree in the Quadrant E N, and note the Interſe&ions where the 
Ruler croſſech the Vertical, ſo ſhall the Semidiameter E C be divided into 
other 90 gr. and from thence the other Semidiameters may be divided in 
the ſame ſort, Theſe may be numbred with 10, 20, 30, &c. from E to« 
ward C, and for Wricty with 10, 20, 30, &. from C coward W. But 
for the Meridian, the South part would be beſt numbred according to the 
Declination from che Equator, and the North part according to the di- 
Rance from the Po'ce 

Then with rel I the Latirade,which here we ſappoſe tobe 51 gy. 
30 mm. open the pr_—_ 38 gr. 30 uv. from C coward W, and 
- prick them downzn the Meridian from C unto P, ſo this point Þ ſhall 
repreſent chePole of {chiefWorld, and through ic muſt be drawn all che 
How-circles, Aaaz --%, F- «  n_— 


a 
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Having three points E, Þ, W, find-cheir Center, which will fall in the 
Meridian a little without the _ S, and draw them intoa Circle EP W, 
which will be the Circle of the Hour of 6, 
+». Through this Center of the Hour of 6, draw an occult Line at length 
parallel co E W; fo this Line ſhall-contain the Centers of all the other 
Hour-circles, Where the Circle of. che Hour 6f 6 croffech this- occult 
Line, there will be che Cencers of the Hour-circles of 9 and 33 The di- 
Rance berween theſe Centers of 9gand 3, will be equal co the Semidiame- 
eters of the Hour-circles of xo and-2 : and where theſe ewo Circles of 10 
and 2 ſhall croſs this occult Line, there will be the Centers for the Hour- 
circles of 14 and 7zand 5and 1» Again, divide the diſtance between the 
Centers of 16 and 2 into three equal parts, fo the feet of the Compaſſes 
will reſt in cwo points 3 the one is the Center of the Hour circle of 8, and 
the other che Center of che Hour-circle of 4 ; and che extent of the Com- 

to one of theſe third parts ſhall be the crue-Semidiameter of theſe 
Circles, if there be no error committed in the finding of the other Cen- 
ters, 

The Hour-circles being chus drawn, take 51 gy. 30 w. from C toward 

W, and prick chem down in the South part of the Meridian from C unts 
A; and bring the third point E A W into a Circle, this Circle ſo drawn 
ſhall repreſent che Equator. 
The Fropick of & is 23 gr. 30 mw. above the Equator, and 66 gr, 30 mw. 
diftanc from the Pole, and to in this Latitude it will croſs che South part 
of the Mcridian at 28 gr. from the Zenith, and che North pare of the Mo- 
ridian at 15 gy. below che Horizon. Take therefore 28 gr. from Croward 
W, and prick them down in the Meridian from C unto L, fo have you the 
South TnterſeRion, Then lay the Rulex.cothe point E, and 15 gr, in the 
Quadrant NE, numbred from N coward E, and note where it croffeth che 
Meridian, ſo thall you have che Norch Interſeftion. The half way be- 
eween theſe ewo InterſcRions will fall in the Meridian at the point aa a a, 
and che Circle drawn on the Center a, and Semidiamerer a L, ſhall repre- 
ſent the Tropick of &., and herecrofs the Horizon before 4 in the morn- 
zngy;and afrer $.in the eycning, about 40 gr. Nerthward from E and W; 
according to the Riſing and Setting of che Sun at his entrance into &. 

The Tropick of w.-is 23 gr. 30 w. below the Equator, and 1 z gy, 
30 w..diftant from the Nonh Pole, ſo that in this Laticudeyecroffech che 
Sourh part of the Meridian ac 75 gr, from the Zenith, and che North pare 
of the Meridian ar 62 gr. below the Horizon, Take-+therefare 75 gr, 
from Croward. W, and prick chem down inthe Meridian from C unto T, 


ws . 


; T's find rhe Wwelination of « Plane. - Ig 
fo have yotz the South InterſeRion ; then lay the Ruler to the point E, 
and 62 gr. in the Quadrant N E numbred * £50 N coward E, and note 
where it crofſeth the Meridian, ſo ſhall you have the North ImerſeRion, 
The half way between theſe ewo Interſetions ſhall be the Center whereon 
you may deſctibethe Tropick of wp, and chis Tropick will croſs the Hori. 
zon afcer $ in the Morning, and before 4 in che Even; » about 40 gr, 
Southward from E and W, according to therifing and ſetting of the Sun, 
at his entrance into w. 


To find the Taclination of any Plane, 


Por the diſtinguiſhing of theſe Planes, we may find whether they be- 
Horizontal, or Vertical, or inclining to the Horizon, and how much chey 
incline, cither by the uſual Inclinacory Quadrant, or by fitting a Thred 
and Plummect unto the SeRtor, 

For ler the Seftor be opened to a Right Angle, the Lines of Sinss-to an 
Angle of 90 gr. inward edges of the Seor to go gr. and let a Threfl and 
Plummer be hanged upon a Line parallel to the edges of one of che Legs, 
{o that Leg ſhall be vertical and the other Leg parallel to che Horizon, 

"If the Plane ſeem to be vertical (like the Wall of an upright Building): 
you may try it by holding the SeQor, ſothatthe Thred. may fall upon his 
Plummec-line : For then 1f the vertical edge of the ScRor ſhall lie doſe to 
the Plane, che Plane is exeR, and therefore ſaid to be vertical ; and if you 
draw a Line by that edge of the Sector, ic ſhall be a Vertical Line, - 

If the Plane ſeem to be level with the Horizon, you may try it by ſer- 
ting the Horizontal Leg of the SeRtor to rhe Plane, and holding the other: 
Leg upright: For then if the Thred ſhall fall on his Plummer-lige,which 
way ſoever you turn the SeQor, it is an Horizontal Phage, 

f the one end of the Plane be higher chan the other, and yee not verti- 
cal, it is an-inclining- Plane, and you may find che Inclinacion in this. 
manner. 

Firſt hold the Vertical Leg of che SeRor upright, and turn the Hori. 
zontal Leg about, uni! it lie cloſe with the Plane, and the Thred fall on, 
his Plummer-h:ine 3 ſo the Line drawn by the edge of that Horizoncal Leg 
ſhall be ap 'Hor:zonral Line. 

$appoferhe Plane to be B G E D, and'chat B D: were thus found to be 
the Horizonral Line upon the Plane, then may you croſs the Horizontal 
Line ac Right-Ang'es with a Perpendicular C F: that done, if you ſec 
ene of the Legs 'of the SeRtor; upon the Perpendicular Line CF, and 
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makethe other Leg with a Thred and Plummer to become Vertical, you 
fhall have the Angle berweenhe Vertical Line and che Perpendicular on 
che Plane, as before in che Uſe of the Sefor, pag. 62. and the Comple- 
ment of this Angle is the Inclinacion of the Plane co the Horizon, 


To find the Declination of a Plane, 1 


The Dectination of a Plane is always reckoned in the Horizon between | 
the Line of Eaſt and Weſt, and the Horizontal Line upon the Plane, As 
in the Fundamental Diagram, the prime Vertical Line (which is the Line 
of Eaft and Weſt) is ECW; if the Horizontal I.ine of the Plane pro- 
poſed ſhall beB C D, the Angle of Declination is E CB. | 

But becauſc a Plane may decline divers ways, that we may the better di- 

Ringuiſh them, we conſider chree Lines belonging to every Plane ; The | 


| " WF I. 
—_ 


To find the Declination of 4 Plane; a 


frſtis the Horizontal Line ; the ſecond, the Perpendicular Line, crofling 
the Horizontal ac Right Angles; the third, che Axis of the Plane, croſſing 
both che Horizontal Line, and his Perpendicular, and the Plane it ſelf ar 
R'ghe Angles. 

The Perpendicular Line doth help to find the Tnclination of the Plane, 
as before ;- the Horizonral, to find the Declination ;. the Axis, to give 
denomination unto the Plane, | 

For example : Ina Vertical Ptane in the Fundamental Diagram, repre- 
ſented by F Z W, the Horizontal Line is E C W, the ſame with the Line 
of: Eaſt and Weſt, and therefore no Declination. The Perpendicular croſ- 
ſing it is CZ, the ſame wich che Vertical Line, drawn from the Center to 
the Zenith, right unto the Horizon, and therefore no Inclination. The 
Axisof thePlane is S C NV, the ſame with the Meridian» Line, drawn from 
the Sourh'to the North, and accordingly gives the denomination to the 
Plane. Por the Plane having two Faces, and the Axis rwo Poles, $ and 
N, the-Pole $ falling direAly into the South, doth cauſe that Face ro 
which-it is nexr, to be called the South Face; and the other Pole at N, 
painting into the North; doth give the denomination to the other Face, . 
and make it to be called the North Face of chis Phage, | 

Ta like manner, in che Declining Iaclining Planc in the Fundamental 
Diagram, repreſented by B F D, the Horizontal Line is B C D, which 
croſſech - the prime Vertical Line ECW, and therefore ic is- called 
a Declining Plane, according: to the Angle of Declination ECB or 
W C D. The Perpendicular to this Horizontal Line is C F, - where the 
ws Ffalleth in the Plane QZ H perpendicular to the Plane propoſed, 

erween the Zenith and che North part of che Horizon 3 and therefore it 
is called a Plane inclining to che Norchward, according to the Ark FQ, 
or the Angle FCQ. The Axis of the Plane is here repreſented by the 
Eine CK, where the Pole K is 99 gr. diſtant from the Plane, and fo is as 
much above the Horizon at H, al, the other Pole as much below the Hg* 
rizonat Q, as the Plane at F is diftant from the Zenich: And this Pole K 
here falling berween the Meridian and the prime Vertical Circle into che 
Southweſt part of the World, this upper Face of che Plane is therefore - 
called the Souch-weſt Face, and the lower the North-eaſt Face of - the - 
Plane. 

The Declinarion from the prime Vertical may be found by the Needle 
in the uſual Inclinatory Quadrant, or rather by- comparing the Horizon- 
tal Line drawn upon the Plane, with the -Azimuch of che Son, and the : 
Meridiag Lipe, wn ſuch forr as before we foul the Variation of the Mag: 

netical | 
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{uchasche Azimuthof the Sun from the Meridian, 
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$ Ts find the Duclination of « Plane. 

neucal Needle. Fer take any Board that hath one fide ſtraight, . and 
draw as in thelaſt Diagram the Line H O parallel «6 chat fide, and the 
Line Z M perpendicular unto it, and on the Center Z make a Semicircle 
HM O : this done, hold the Board to the Plane, ſo as H O may be paral- 
ll ro B D che Horizontal Line on the Plane, and che Board parallel ro rhe 
Horjzon 2 then the Sun (hining upon it, hold out a Thred and Plummet, 
ſoas the Thred being Vertical, the ſhadow of the Sun may fall on the 
Center Z; and draw che Line of Shadow A Z, repreſenting the common 
Seion which the Azimnth of che Sun makes her ow Plane of che Ho- 
rizon, and let another take the Alticude of the Sun art the ſame inſtant; 
ſo by reſolving a Triangle, as I ſhewed before, you may find what Azi- 
meth che Sun was in when he gave ſhadow upon A Z, 

Snppoſe the Azimuch to be 72 gy. 52 ms. from the North to the Weſt 
ward,and therefore 19 gr. $ wv. from che Weſt we may allow thefe'17 gr. 
$8 »,from A unto V,and draw the LineZ V,and ſo we have the true Weſt 
point of the prime Vertical Line : chen allowing go if from V unto S, 
we have the South point of the Meridian Line ZS, and che Angle H Z V 
ſhall give the Declination of the Plane from the Vertical, and the Angle 
OZS the Declination of the Plane from the Meridian, 

Or we may take out only the Angle A ZH, which the Line of Shadow 
makes with the Horizontal Line of che Plane, and compare ic with che 


- Angle AZ V, which the Line of Shadow makes wich the prime Vertical. 


And ſo here, if A Z V the Suns Azimuth ſhall be 17 gy. 8 m. paſt the 
Weſt, and yer the Line of Shadow A Z 7 gr. 12 ms. ſhort of che Plane, the 
Declination of rhe Plane ſhall be 24 gy. 20 »v. as may appear by the fire 
of the Plane and che Circles, , - 

TE the lticude of the Sun be taken at ſuch time as the Shadow of the 
Thread falleth on B D or H O, and then a Triangle reſolved, the Declina- 
tion of the Plane will be ſuch as the Azimuth of che Sun from che Prime 
Vertical. ONS 
-- JF at ſuch a rime as the Shadow fallech on MZ, the Declination will be 
.. If je bea fair Summers day, you may firſt find whar Alticude the'Sun 
will have when he cometh co che due Eaſt or Weſt, and-chitg.expeR vuycil 
he come to that Alcitade, fo the Declinacion of che Plane hall belach 45. 
the Angle contained between che Line H O and the Line of thi& Shadow: 


Having diſtinguiſhed the Planes, the nexc care wall be forahe placing of 


the Scyle, and che drawing of the Hour-lines, . - | «: $6. HA | 
The Style will be as the Axis of the World, ſametzmes parallel ro the 


Plane 


The Deſcription of the Hour-lines in an Eqninotial Plane, 9 
_ {amerimes perpendicular, ſometimes cut the Plane with Oblique 
nglcs. 

The Hour-lines will be eicher parallel one to the ocher, or meet in a 
Center with equal Angles, or meet with unequal Angles. If the Style 
be perpendicular to the Plane, the Angles at the Center will be equal; 
adidas falls our only in the South and Norch-Face of the EquinoQtial 
Plane. If the Style be parallel co the Plane, the Hour-lines will be alſo 
parallel one co another z and chis falls out in all Polar Planes, as in the Eaſt 
and Weſt Meridian Planes parallel to the Circle of the Hour of 12, in the 
upper and lower dire& Polars, parallel to the Circles of the Hour of 6, 
and in the upper and lowex declining Polars, which are parallel co any of 
the other Hour-circles. ps | 

But in the Horizental and all ocher Planes, the Style will cut the Plane 
with an acute Angle, and the Hour-lines will meet at the root of the 
Style, and there make unequal Angles. 
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CHAP, I. 
To draw the Hour-lines in an Equinotial Plane. 


AX EquinoRtial Plane is that which is parallel co che EquinoRtial 

Circle here repreſented by E A V, wherein the ſpaces berween the 
Hour-circles being equal, there 1s no need of further Precept, bur only to 
draw a Circle, and to divide ic into 24 equal parts from the 24Honrs,and 
ſubdivide each Hour into Halves and Quarters, and chen to ſer up'the 
Style perpendicular to the Plane in the Center of the Circle. The help 
which theſe Lines of Proportion do here afford ns, is only in the divifiom 
of the Circle, which may be done readily by chat which I ſhewed before 
in the Firſt Book of the Seftor, 

For Example: Suppoſe the Semidiameter of the EquinoRial Circle to 
be fix Inches, and that ir were required to know the diſtance of the Hour- 
points each from other ; here _ Hour being 1 5 gy. diſtant from other, I 
extend the Compaſles from the Sine of 50 gr. unto the Sine of 7 gr. 30 w. 
the half of 15 gr. and I find the ſame extent to reach in the Line of 
Nambers from 6. 00 unto 1. 56. ' 

Orincroſs work I extend chem from the Sine of 30 gr. unto 6.00 in 
the Line of Numbers, the ſame extent will reach from che Sine of 4 gr 
309, unto I, 56 in the Line of CR ; which ſhews that in a _ 

0 


s 


>> 
of fix Inches femidiamerer, che diſtance of the. Hour-points each from 


i be about 1 Inch and 56 Centeſws or parts of 100, The like rea« 
fon holds for the inſcribiag of all other Chords.ia che Prop. following. 


CHAP, IL 
To draw the Hour-lines in a Diref# Polav Plane. - 


Dire& Polar Plaae isthat which is paralſelcothe Hour of 6, and 
A. here repreſented by EP W, wherein che Seyle will be parallel 
<e Plane, and the Hour-liges peralld one to the other; and therefore 
may be beſt drawn by that. which I have ſhewed in the Uſe of the Seltur, 
They may be alſo drawn by the help of theſe Lines of Proportion, in this 
ManAer, | 
Fuſtdraw a Right Line W E for the Horizon and the Bqumor, and 


croſs 


| 6.4 Poler Planes 
croſs it at the Point C, about the middle of the Line, 
with C B another Right Line, which may ſerve for 
the Meridian and the Hour cf 12, and muſt alſo be the 
Subſtylar Tine wherein che Style ſhall Mtand. Then, to 
proportion the Style unto the Plane, conſider the length of 
the Horizontal Line, and what Hour-lines you would 
have co fall on your Plane. . 

For the diſtance of any one Hour-line from the Meridi- 
an being known, we may find both rhe length of che 
Style, and the diſtanceof the reſt : becauſe, 

As the T angent of the Hour given, 

It to the Diſtance of the Meridian : 7 
So the T angent of 45 gr. 

To the Height of the Style. 

Suppoſe the length of che Horizontal Line to be 12 In- 
ches, and that jt were required to pur on all the Hour-lines 
from 7 in the Morning unto 5 in the Evening. Here we 
have 5 Hours and 6 Inches in cither fideof the Meridian : 
Wherefore I allow 1 5 gr. for an Hour, and extending the 
Compaſſes from the | A of 75 degrees, I find che 
ſame exrent to reach in the Line of Numbers from 6eo to 
about 161, This ſhews both the heighe of cheStyle, and; 
the diſtance of the Hour-points of 9 and 3 from the Meri- 
dian, to be 1 Inch 61 parts. 


To find the length of the Tangent between the Subſtylar 
ol m and the Fu. parieng 4 
As the Tangent of 45 gr. 
To the T angent of the Honr : 
So the Height of the Style 
Tothe ed of the T angent- line between the Sub- 
ſtylar and the Howr points, a 
Thus having found the lengch of the Scyle in our Ex- 
ample to be 1, GT, if I extend the Compaſles from the 
Tangent of 45 gr- unto the Tangent of 1 5 gy. the meaſure 
of the firſt Hour from che Subſtylar, I ſhall find the ſame 
extent to reach in the Line of Numbers from 1. 6 unts 
©. 43, for the length of the Tangenc berween the Subſtylar 
and the Hour-points of 12 and 1. If I cxtend them 
Bbb 2 from 


TT, 
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from the Tangent of 45 gr, unto the Tangent of 75 gy. chic meaſure of 
the fifth Hour, I ſhall find chera to reach in che Line of Numbers from 
x. 61 unto 6. oo, for che length of che Tangent from the Subſtylar co 


the Hour-points of 7 and 5. For howlſoever i be the ſame diſtance in the- 
Line of Tangents from 45 to 75, as from 45. 


CE ts Tang unto 15; yet becauſe 75.are more, and 1 5 leſs 


than 45 , the Tangent Lines that anſwer co 
them will be accordingly more or lefs chan che 
©0 0 lengthof the Style. 
Again, If Textend chem from. 45: gr.in the 
0D 93] Tangencsunto 30 gr. the meaſure of the ſecond 
Hour, I ſhall find them xeach in che Line of 
©2 79 Numbers from 1; 61 unto o, 93 for the Hour of 
< OC] roand2: If I extend chem trom the Tangenc 
Allnfin. of 45 gr. unco the Tangent of 60 gr. for che 
fourth Hour, I ſhall find them to reach in the 
Line of Numbers from 1. 61 unto 2.79, and ſuch is the length of the 
Tangent Line from che Subſtylar unto the Hour of 8 and 4. And the 
like Reaſon holderh for the iuſcribing of all other Tangenc Lines in the 
Propoſitions following, | 
Bur for ſuch Tangents as fall under 45 gr. I may better ule croſs 
Work, and extend che Compaſſes from the Tangent of 45 gr. unto 1,6: 
ur the Line of Nambers, ſo ſhall I find the fame extent to reach from 
30 gr. in the Tangents, to 93 parts in the Line of Numters, for the d-- 
ſtance of che ſecond Hour ; and from 1 y gy. inche Tangents, co 43 parts 
torthe diſtance of the fuſt Hour from the Meridian, 


Or 


—_ 
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in 4 Meridian Plane, 13 


Or if this excent from 45 gr. backward co 1, 68 be too large for thF 
Compaſſes, I may exrend them forward from the Tangent of 5 gr, 43 m» 
ro 1. 61 parts in the Lines of Numbers, and the ſame extent if reach 
from 15 gr- in the Tangems, co43 parts in the Lines of Numbers, for 
the diſtance of the fuſt Hour ; and from 30 £r. te 93 parts, for the di- 
ſtance of the ſecond Hour, as before. 

Having found the length of the Tangent Lines jn Inches and parrs of 
Inches, and pricked them in the Equator on both fides of che Meridian, 
from the Center C; if we draw Right Lines chrough each'of choſe 
Points, croffing the Equator at Right Angles, they ſhall be the Hoar- 
lines required ; andif we fer a Style over the Meridian, fo as the edge of 
it be parallcl co che Plane, and the height of it be as much above the Me- 
ridia, asthe diſtance berween the Meridian and the Hour-points of 3 and 
9, it- ſhall repreſentthe Axis of the World, and be truly placed for the 
caſting of ce Shadow upon. che Hour lines in a Polar Plane, ” 
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CHAP. 1Il. 
| To draw'the Howr-lines in a Meridian Plane. 


: A Meridian Plane is that which is parallel to the Meridian Circle in 

the Fundamental Diagram, repreſented by SZN z it hath ewo 
Faces; one to the Eaſt, and the other to the Weſt ; ineach of them the 
Style will be parallel co the Plane, and che Hour-lines parallel one co the 


__—_—_ 


be —_— 


other, asin a Polar Plane ; the difference being only in the placing of | 

che Equator, and in numbring of the Hours. \ 

For in theſe Meridian Planes having drawn an occulr Vertical Line 
CZ, and an occult Horizontal Line C N, crofling one the other at Righe 
Anglesis the Point C, the Equator A C will cut the Vercical with an 
| | Angle 


iu a0 Hiizontal Manes 


Angle Z C A. equal to. the Laticade of the f®Ang. Por; Fang: 
Place : chen may wecroſs the Equator at Right [ 3 | 


Angles with the Line C B for the Hour of 6, Ti - * 
,and from this ſer off che Hour-points ia the || 3 451 9 5s 
or, as in the former Prop. 1-7 - 30] 1 32 


P | 

For, ſuppoſing the length of the Style I 
FP: ydryng tay gh of he Tan | 1, ; M.A 
gent _ pong nr pr pander 6 will be |- as 
2 In. 658 p. tne ot the fecond 5 7s. 77 p» | | | 
as in the Table, Then the Tangent of I 5 gy. pa jj 4 14 
being pricke down in the Equator on both | y[. 5 : +* 93] 
fides from 6, ſhall ſerve ' for S Hours of & |=| > 3.77 
and 7, and the Tangent of 3e gr, for the | |?3 #1 6 68 
Hours of 4 and 8; and (o in the reſt. © 2 67 
This done y if we draw Right Lines chrowgh 41 15] % 77 
each of theſe Points, croſſing the Equator ax |-- N:I.,.29 
Right Angles, chey ſhall be che Hour-lines | 45112. 40 
ired : And if we ſet a Style over the | [5% 39/13, 03 
Hour of 6, ſo as the edge of ic may be pa» | _ [59 75114 97 
rallel' co che Plane, aad the height of ic may |.4]92,__ 117 __32 


CI 


be equal to the diſtance berween the Hours | 45120 28 
of 6 and g in the Equator, it. ſhall repre» - -- 30/24 14 
ſear the - Axis of dhe World, and be truly | 29 46 
placed for the caſting of the Shadow upon [5 0:37 32 
the Hour-lincs in a Meridian. Plane, | 5/5 27| 
7 | 5 9 
| 6 5[152 57 
] 6190 [afinir, 
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CHAP. IV, 
To draw the Hinr-lints in an Horizontal Plane, 


A) Horizontal Plane is-that which is parallel co the Horizon, repre- 
ſenced in the Epndamental Diagram-by the outward Circle 
ESWN, in which che Diamerer SN drawn trom the South to the 
North, niay go borh for che Meridian Line and che Meridian Circle, Z 
for the Zenich, Þ for the Poke 4 dhe Werld ,, and the Circles drawn: 

through: 


a 


16 
Lacie, 51 30] 
| Z|Ang Po.\Arc Pla, 
'© \Gr. 'M.\Gr: M.| 
12 o_ ' of © of 
| 3 4&h5] 2 56 
| | 7 30\ 5 +52 
| 18+ [1518 gt; 
' njf5 olrtn Fo 
[18 45/14, 52 
| 152 JOINT. $7 
26 15/2x 6 
| 3 32 O24 20 
| 133 + 45127 36 
i [37 3@|;3t © 
| (41 15134" 28 
_3/45___o[38 3 
43 45/4! 45 
$2 30145 34 
56 15/49 30 
460__e\j3_35 
63 45157 47 
69 3062 6&6 
71 15166 33 
$175 ©7717 6 
178 45175 45 
2 3o|80 25 
| r5\85 13 
| 190 0190 cl/ 
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through Þ for the Hour-circles of 1, 2, 3, 4, &sc. 
as they are numbred from the Mridian. 

Theſe are equal at the Pule, and a: the Equa- 
tor, but unequally diſtant ac the Horizon; che 
diſtance between the Mcridian and the firſt Hour 
being not full 12 gy. the diſtance berween the 
fif:h and Gixcth Hour about 18 gr. which incqua- 
lity being obſerved, if you ſuppoſe Right Lines 
drawn from the Center C to he InterſeRions of 


theſe Hour- circles with the Horizon, the Line fo 


drawn ſhall be the Honr-lines here inquired. 
And then, if you can, imagine a Line- drawn 
from the Cenrer C, toward P che Pole of the 
World, and riſed above che Meridian Line 
CN, ſoas the AngleP C N may be equal co the 
Laticnde of the Place, this Right Line CP ſhall 
be the 'Axis of the Style: And ſo you have boch 


Style and Hour-lines ready drawn to your hand. 


But more particularly co our purpoſe. 

Theſe Hour-circles conſidered, with the Meri- 
dian and the Horizon, do make divers Triangles, 
PN-z,P Na, PN 3, in which we have known, 
firſt, the Right Angle at N, the North: Taterſe- 
Qtion of the Meridian and the Horizon ; ſecond. 
ly, the Side Þ N, the Ark of the Meridian be- 
eween the Pole and che Horizony which is alwa 
equal tothe Latitude of che Place ; thirdly, che 
Angles at the Pole, made by the Meridian and 
the Hour-circles, the Angle N P x being 15 gr, 
NP 2 3ogy. each Hour 15 gr. morechan ocher, 


h half Hour 7 gr. 30 v.cach quarter 3 gr.45 ms. as in the ſecond Column 
of his Table. = theſe three being known, we may find the Arcs of 
the Horizon between the Meridian and the Hour-circles N 1, N 2, N 3, 


&c, For, 
es the Sine of 90 gr. 


is to the Sine of the Latitude ; 


So the Tangent of the Howr, 
te the Tangent of the Howr-line from the Meridian. 


Extend 


The Deſcription of the Mour-lnes 3- 
Extend the Compaſſes from the Sine of 90 gy. to the Sine of the Lati- 
tude; ſo che ſame Extent (hall reach from che Tangent of che Hour, to 


the Tangent of che Hour-l ne frem the Meridian. Thus the Laticude be- - 
ing 51 gr. 30». I extend the Compaſles from the Sine of go gy. wo the 
Sine of 5I gr. 30 ww. and find the ſame extent to reach from che Tangenr 
of 3 gr. 45 m9. unto the Tangent of 2 gr. 56 m. for che diſtance of che 
firſt quarter from the Meridian z and from the Tangent of 7 gr. 30 mw. 
unto the Tangent of $ gr. 52 wv. for the half Hour ; and from the Tan- 
gent of 11 gr,15 m.to the Tangent of $ gr. 51 ms. for che third quarter ; 
and from the Tangent of 15 gr. 0. unto 11 gy. 50 ». for the firſt 
Hour : And ſo of chereſt, as in the third Column of this Table, under 
che Tile of the Arky of the Plage, 

Ccc Only 


is an Horizontal Plane: 
TC = 


L— — 


, > __ b in. | 
- | 


w7 


Vitt 
Jul 


= —> | <5 f | 


- 
= _ , 5 
_ — —— , vo <<» 


F . k Pa. |= 
—_ I - \ 3 | 


. , L 1 J £ 
d m——_——F___. 


—— 


Only when I:come to ſet one Foot of the Compaſſes to 48 gr. 45-». 

for the finding of a quarter-paſt 3, the other Poor will fall our oF the 

Line, and then I may either take out ſo much as is our of the Line beyond 

45 £7- and turn it back into-the Line, and it will reach from 4g gx, to 

I gr. 45-m. or I may uſe croſs work, extending the Compaſſes from 

KS Sine of $0 gr. to the Tangent of 48 gr. 45-w. ſo the ſame extent will 
c 


reach from the Sine of 571 gr. 30m. to the Tangent of 41 gr, 45m. And 


fuch is the diftance of the Line of 3 Hours 4 from the Meridian. 

This done, I cometo the Plane, and here according as the Lines do 
fall in the Fundamental Diagram, 

1, I draw the Right Line $ N; ſerving - for. the. Meridian, the Hou: 
of. I a, and cthe.Subſtylar, 


2: In 


in «Perthual Plaxe. I9 

2, In this Meridian I make choice of a Center at C, and there de- 
{cribe an occulcCircle repreſenting the Horizon. 

3. I find a Chord of 11 &- $9 »», and inſcribe ic into this Circle on 
- Either fide of the Meridian, fot the Haursof x1and I ; in like manner, 
2 Chord of 24 gy. 20 wv. for the Hours of 10 and 23 and a Chord of 
38 gr. 3 w- for the Hours of g and 3 : And fo for the reſt of the Hours, 
their Halves, and Quarcers, 

4+ Idraw Right Lines through the Center, and the Terms of theſe 
Chords, and theſe Lines ſo drawn are the Hour-lines required, 

The Line belonging to the Hour of 6 will be perpen icular ro che Me- 
ridian, and = apr before 6 in ds —_— or _ 6 in the 
Evening, ſupplied by contiauing cheir oppoſite Hour-lines beyond 
the Corry, cache Honr-line of 7 in che Morning continued, will be the 
Hour-liprt 71m the Evening : And fothereft. 

Laſtly, I ſet up the Style overthe Meridian, ſo as it may cut the Plane 
inthe Center, and there make an Angle with the Meridian equal to the 
Lacicude of the Plate z/o it ſhall repreſent the Axis of the World, and 
mou ed for caſting of the Shadow npon the Hour-lines in an Heri- 
zZ 6 EY : : 


_—_ - 
 — 


' CHAP, V, 


To draw the Bw lines in a Vertical Plane. 


Circle in the Fundamental Diagram, repreſented by EZW. Ic 
hath two Faces, the one to the North, the other to the South ; in each of 
them the Subſtylar will be the ſame with the MeridianLine,and the Angle 
of the Style above the Plane will be equal to Z P,che Complement of the 
Laticude ; and the Hour-lines here inquired may be ſupplicd by imagi- 
ning Right Lines drawa from the Center C to the InterſeRions of the 
Hour-circles EZ W. 

The Triangles here cenfidered are made by the Vertical, the Meri- 
dian , and the Hour-circles, in which we know the Side Z P, the 
Ccc 2 Angles 


A Vertical Plane is that which is parallel to the Prime Vertical 


The Deſcription of the Howr- lines 
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Angles at the Pole, and che right Angle at the Zenith, and cherefore 
mzy find the Arks of the Vercical , beeween the. Meridian and the 
Hour-circles, afcer this mannere 


es the. Sine of 90 gr. 
is to the Co-fine of the Latitude :- 
So'the Tangent of the Hour, 
to. the T angent ,of the Howr-line frum. the CMeridian. 


Extend the Compaſſes from the Sine of 90 gr. to the Sine of the 
Complement of the Laritnde, ſo the ſame.exten: ſhall reach from the 
Tangenc of the Hour, co the Tangent of che Hour-line from che Meri- 


d:ati, Thus 


in a Vertical inclining-Plane, . " [= 


Thus in the Latitude of 51 gr, 30 mw. I ex- |[ ai, $1 30 
tend the Compaſſes from the Sine cf 90 gr, to | T Fe LE S 
che Sine of 38 gr. 3O #. and find the (ame ex- © |Gr. M.\ Gr. M. 


rent co reach trom the Tangent of 15 gr. to \72| 6 "o| & FT 
the Tangent of 9 gy. 28 ms. for the diſtance of | > 
the firſt Hour from the Meridianz and from £ ”y ps: 
the Tangent of 75 gr. unco the Tangent of 66 7 ; + 41 
$7. 42 m. for the fitch Honr : and fo in thereſt, | || - 4 F1 
as in this Table. —o——_—_ S 5K... 

Theſe Arks being known, I may come to the = 43]12 56 
Plane, and then by help of a Thread and oy 30114 27 
Plammeec draw a Vertical Line, ſerving both for 70 13117 4 
che Mcridian and the Hour of 12, and the Sub» —|—_2|{2_45} 
ſtylar ; chen may I draw an occult Vertical 33 45 
Circle, and therein inſcribe the Chords of thoſe 
formet Arks, and draw the Hour-lines, and ſet 
up the Style, as before in the Horizontal Plane. | * HG... 

If ic be che South Face of the Plane, the Cen- 48 45 
ter will be upward, and the Style will point 
downward : If the North Face, the Center 156 I5[4 
maſt bein che lower part of the Meridian Line, |_420___ © 
and the bu point upward in all ſuch Places as 63 45 


Oe 
2 


| as 
aA 
A 
oO 


are to the Norchward of the Equino@al Line, 67 30 
as it may appear by conſidering how the Lites Jy: iy 
do fall in the Fandamencal Diagram. '$175__ 0] 
8 45 
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CHAP. VI. 
To draw the Howr-lines in a Vertical Inclining Plane; 


Ll thoſe Planes that have their Horizontz1 Line lying Eaſt and 
Weſt, are in that reſpeQ ſaid to be Vertical ; if they be alſo up- 
right and paſs through the Zenith, chey are dire& Verticals; if they 


incline to the Pole, chey arc dircR Polars; if ro the EquinoRial, they 
| are . 
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are properly called Equinotial Planes, and are deſcribed before: if to 
none of cheſe chree Points, they are thea called by che general name of 

Inclining Verticals. 

Theſe may incline eicher to the North parts of the Horizon, or co the 
South ; and each of them hath ewo Faces, oneco the Zenith, the other 
to the Nadir, in which we are firſt co conſider the height of the Pole 
above the Plane, by comparing the Inclination of the Plane co the Hori- 
zon with the Latitude of the Place. 

As in our Laticude of 51 gr. 30 #. if the declination of che Plane 
EI W inthe Fundamental Diagram ſhall be 13 gr, Northward, that is, 
if I'N, the Ark of the Meridian berween che Plane and che North part 
of the Horizon, ſhall be 13 '* we may take theſe 13 gr. ourof PN 51 gy. 
30 mw. the Elevation of the Pole above the Horizon, and there will remain 
PI 38 gr. 30 #. for the Elevation of the North Pole above the upper Face 
of the Plane, and therefort 38 gy. 30 #». for the height of che Sourh Pole 
above the lower Face of che Plane. 

Or if che Taclination of che Plane ſhall be found to be 62 gr. tohe 
Southward, we may number chem in the Meridian from $ che South part 
of-the Horizonunto L, and there draw the Ark E L W repreſencing this 
Plane; ſo che Ark of the Meridiati Þ L ſhall give the height of the North 
Potrabove the upper Face of this Plane to be 66 gr. 30 w. and therefore 
the height of che South Pole above the lower Face of the Plane is alſo 
G66 pr, JO w. ; 

hh like manner, if the Inclinatien of the Plane EY W fhall be 1g gy. 
Sourhward, that is, if S Y che Ark of the Meridian berween che Sonch 

art of che Horizon and the Plane ſhall be 1 5 gr. the height of the North 

Pole above the upper Face of the Plane, and the height of the South Pole 
above the lower Face of the Plane, will be alſo found to be 66 gr. 30 av. 

- Bat if the Plane (hall fall berween the Zenich and rhe Norch Pole, 
then will the North Pole be elevated above the lower Face, and the South 
Pole above the upward Face of the Plane, as may appear by the ProjeRi- 
on of the Sphere in the Fandamental Diagram, 

Then in the Triangles made by the Plane, the Meridian, and the 
Hoaur-circles, we have the fide which is the height of the Pole above 
che Plane, cogecher wich the Angles at the Pole, and che Right An- 
gle at che Interſe&ion of the Meridian with the Plane, by which we 
may find the Arks of che Plane berween the Meridian and the Hour- 
cixcles, after chis manner. | 


es 
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At the Sine of ge gr. 
1s to the Sine of the Pole above the Plane : 
$o the Tangent of the Howr, 
To the Tangent of the Hoar-line from the Meridian. 


Thus in the former Example, where Þ I the height of: the {Pole 
above the Plane was found co be 38 gr. 30 wv. if you (hall extend 
che Compaſſes from the Sine of go g- to the Sine of 38 gr. 30 a, 
che ſame extent will reach from the Tangent of 15 gy. unto: the 
Tangent of 9 gr. 28 wv. for che diſtance of the firſt Hour from the 
Meridian, and from 30 gy, unto Ig gr. 46 ms. for the fecond Hour, and 
ſo forward, as in the dire& Verrical. 

And for the two laſt Examples, you may extend the Compaſſes from 
che Sine of 90 gr.nnts the Sine of 66 gr, 30 a». {o the fame extent ſhall 
reach in che Line of Tangents from x 5 gr. 'unto 13 gr. 48 w, for the firſt 
Hour, from 75 gr. unto 73 gy. 43 ms. for the fikth Hour, from 30 gr. 
unto 27 gr. $4. for the ſecond: Hour, from 60 gry unco 7 27 483 ws. 
for the fourth Hour, and from 45 gr. umo 42 gr. 33 wv. for thethird 
Hour from the Meridian. | 

Theſe Arks being known, you may firſt draw the Horontal Line, 
and croſs it in the middle with a Perpendicular, 'that may fervei boch 
for the Meridian and the Hour of 12, and the Saubſtylar ; then know- 
ing which Pole is elevared above rhe Plane, you may accordingly 
make choice of a fir Point in che Meridian for the Cemer of your Hour- 
lines, and thence deſcribe an occult Ark of a Circle, inſcribe the Chords 

» of thoſe former Arks, and draw the 'Hour-lines, and ſec up the Seyley as 
I ſhewed before in the Horzontal Plane. | 


+# 
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The Deſeription of the Hour-lines 
_ "CHAP. VII. 
To draw the Honr-lints in a Vertical Declining Plane. 


AE upright Planes whereon a man may draw a Vertical Line, are in 
this reſpeR ſaid ro be Vertical; if they ſhall alſo ſtand direRly Eaſt 
and Welt, they are direaly Vercicals ; if direQly North and South, 
they are properly called Meridian Planes, and are deſcribed before z if 
they behold none of theſe four principal Parts of the World, but ſhall 


and berween the prime Vertical and che Meridian , they are then called 
by the general name of Declining Vercicals, 


Thiete have two Faces, one to the South, the orher co the Nerthward, 
which may be diftinguifhed in theſe Northern parts of the World after 
this manner. If the | Sun coming to che Meridian ſhall ſhine upon the 
Plane, it isthe South! Face; if nor,-ic .is the North Face of that Plane. 


Again, If the Sun ſhall ſhine upon the Plane at High-noon , and yet 


longer in che Forenoonthan in the Afternoon, it is the Souch-eaſt Face z 
if longer in the Afternoon than in the Forenoon, it is the Souch-well 
Face of the Plane. But how-much the Declination cometh to, is beſt 
found as before, | | 
Nhen the Declination is found, there be four things more to be conſi- 
dered, before we can come to the drawing of the Hour-lines. 
*T, The Meridian of che Plane, and his Inclination to the Meridian of 


2+ The Height of the Pole above the Plane. 
3. The Diſtance of the Subſtylar from the Meridian Line, 
4. The Diſtanceof each Hour-line from the Subſtylar. 
And theſe four may all be repreſented in the Fundamental Diagram, 
as in this Example, | 
Suppoſe chat in our Laticude of 51 gr. 30 w. Northward, the Declina- 
tion of, an upright Plane ſhould be found co be 24 gr. 20 »», | 
In the Triangle PR Z we know the Angle at R to be a Right Angle, 
and the Angle at Z, for it is the Complement of the Declination ; and 
che Baſe PZ, for it is the Complement of che Latirude, And theſe three 
being known, we may find the other Angle R PZ, which is the Angle 
of Intlinatien between both Meridians, 


el 


Ar the Sine of the Latitude 
Is to the Sine of gogr. : 


So the Tangent of the  Declination | | 
to the Tangent of Inclinetion of Meridian: ' © 


Thus in our tormer Example I extend the Conipaſles from the Sine of 
che Laticude 52 gr. 30 wv. unto the Sine of go gy. the ſame extenc will 
reach in che T.ine of Tangerits from 24 gr--20 mw. the Declination given, to 
about 30 gr, and ſuch s:ZP R, the Angle of Juclinatien berween the 
Meridian of che Place and the Meridian © Fyrom and iy * 

e 
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the Meridian of the Plane will here fall upon the Circle of the ſecond 
Hour from the Meridian of the Place (as it may alſo appear by —_ 
che Compaſſes to the nearcſt extent berween the Pole and Plane). and there 
I place che Lerrer Ro make this ReQangle PRZ, 


2. To find the Height of the Pole abeve the Plane. 


-The Height of the Poſe is to be meaſared in the Meridian of che Plane 
. K'þ hery repreſenced by-che Ark PR, and may be found by. thar- which 
a have known iti the former Triangle P R Z, | 
Ar the Sine of 90 gr. 
: _, _ © the Co-/ine of the Latitnde: 
.. © , B80: the Co-fine of the Declination, | : 
+: -- "to the Sine of the Height of the Pole above the Plane 


Extend the Compaſſes from the Sine of g0 gy. unto the Sine of 38g»; 
30 ws, the Complement of the Laticude, - + lame extent will nh 
from theSine of 65 gr. 40 w», the Complement of the Declination, unto 
the Sine of 3427: 33w. | 
- Or if you pleaſe comake uſe of the Angle of the Inclination of the 
ewo Miritans; the propettion will hold, 
Ar the Sim of 90 gr. 
#0 the Co-fine of the Indlination of Meridians : 
So the T angent of the Latitude, 
to the Tangent of the Height of the Pole above the Plane. 


And then you may extend the Compaſſes from the Sine of 90 gr. unto 
the Sine of 60 gr: the Complement of the 'Iniclination &f the Meridians, 
and the ſame extent will reach from che Tangent of 38 gr, 30 m. the 
Complement of the Laritude, uweo-the Tangtii of 34 gr: 33 mv. and ſuch 
is the Ark Þ R the fleigho'bf chePrlerabove the Planie. 


3. To: find 6he Difons of the Swlftjler from the Meridian 


" Thisis here repteſented:by*rhe Ark ZR, and may bt found by that 
which-we have-known:in the former Triangle PRZ. 3, Or 9; 
- bes.» She. þ 1H 14 <4 : 


As 


. 
© 

£ 
o 


Derek grdinng 7 ind 


4 thtie is Bog be Declination : oaab re, 

fo t of t ec : a= 

$a the Gartner of the Latitude, RENEE :Qs 
tothe wo of the Swbſtylar from the Merl 


Extend the Compaſſes from the Sige of 90 gy. unto the Cine A 14 q 


Ln the OT Yo the ſame extent wi reach 
angent of . f If p39 een plement of che Laticude, unto the 

_ 

lar from the Meridian.  * 


is the Al ZR, the Diſtance of thi Subl 
4. To fot th: *Diffance of each Hyur-line Jim the raiſe 


darymef eBoets Hour-lines from th 

ed py ut, Arks« Vertical belc 

inzercepred beryeen | vgs proper Meridian 

cr -<{hhlg | | 
To. this we have divers Triangles made by the 


r with wie roper teria 20d the Hour circles, In theſe 
ys can firſt the Righe-Angle ar the IncexſeRion' f r 
ar. with the Plane; then the Side which is the - of the 
Pole above the Plane ; and chirdly, the Angles at the Pole. For khtow- 
ing the Angle of Inclination between the Meridiaa of the Plane and the 
Meridian of the Place, which is always che Hour of 12,, we may find 
the Angle between the Meridian of the Plane and the, Hour'of I, by 
allowing in 1 5 gr. and the Angle berween the Meridjan of the Plane 2 
the Hour of 2, by allowing in 30 gr. and ſo for the reſt : which being 
known, and fer down in a Table, we may find the Arks of the Plane 
from the Subſtylar to the Hour-circles, in this manners 


As the Sine of go gr. 
to the Sine of the Height of the Pyle above the Plant : 
So the T angent of the Honr from the proper Meridian, 
to the Tangent of the Hour.line from the Snbft)lar. 


Thus in our Latitude of 51 gy. 30 mw, if the Declination of an uprigh 'Y 
Plane ſhall be found to be 24 gr. 20 ». from the prime Vertical, the ove 
Face open ro the Sonth- welt, the other to the North- -gaſk, Imay number 

Ddd 2 theſe 
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theſe 24 gr; 20 w, in the Horizon of the Fundamental Diagram from E 
unto B, according to the ſituation of .che;Plane, and chere draw the Ver- 
tical -B Z D, which ſhall repreſent.che Plane, propoſed. | 

The two Poles of. this: Plane will fall in the Horizon at Hand Q. and 
therefore che proper Meridian drawn through che Poles of the Plane and 
the Pele of che World myſt be che Circle HPQ, which here crofſech 
che Þ, war Rigs Angles in che Poigt of R, and inclineth to PZ S che 
Feridlay of the Place, according to the AdgleR PZ, | 
« agapyy of this Inclination may be readily found by the Hour- 
ciftle where the proper Meridian . Ashert it falleth'oo che ſecond. 
Hour-circle, and ſo che Inclination is 3O pr. | 

The height of the Pole above che. Plane, which giyerh the height of che 
Style above che Subſtylar, is here repreſented by the Ark Þ R. - For as in 
the Horizontal,. ſo in chis agdall other Planes, the Lipe C P the Axisof 
the Wotld is always the Axis of che Style, and the neareſt Line thac can 
- be drawnupon the Plane to the Axis of the World is the for the 

Subſtylar, and-that is che Line CR: ſo the Angle P'CR is the Angle 
berween the Axis and che. Plane, commonly called the bleight of the 

ſe, and che meaſure of, this Angle is the Ark PR. This Ark is always 
{s chan whe CRnganac, of the Laticade,, and: may be eftimared by 
caking rhe diſtance PR wi 


| the Compaſſes, and meaſuring ic in the Me- 
ridian from Ptoward Z. So in this Exampleit will appear to be about 
$34 27 3. ,* 
whe diſtance of che Subſtylar from the Meridian is here repreſented” 
by the Ark ZR': For.the Meridian Line upon the Plane is C Z, the Sub- 
lat Line is-CR; fo the Angle contained berween themis ZCR, and 
che meaſuxe of this Angle is che Ark ZR, which raken wich che Com- 
paſſes, and meaſured in the Semidiameter C W, from C'roward W, wilt” 
be found about 18 gr. | 
The diſtances of each Hour: line from the Subſtylar arc here repreſented 
by the Arks of the Plane berween the Point R and che Interſetions of 
che Honr-circles: For the Subſtylar Line is CR, and the Hour-circle of 
x croſſing the Plane in the Poinc O, che Hour-line of .1 upon the Plane 
miſt veC O ; fo the Angle berween the Subltylir and the Hour-lize of 
113 RCO, and the meaſure of chis Angle is the Ark RO. In like 
manner, the Hour-line of 12 will be CZ, and the diſtance from the 
SubſtylarR Z: the Hour-line of xx will be C X,, and the diſtance from 
che Subſtylar R X : and ſorhe reſt. /Theſe diftances RO, RZ,RX, &c. 
ay alſo be taken with cheCompaſſes, and meafurcd as before. | 
Beſidcs 
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Beſides theſe four Repreſentations, the Diagram will ſhew what Pole 
is eleyated- above the Plane, and what time the Sun ſhincth upon che 
Plane, If irbeche Norch-caft Face of chis Plane, you may think P co 
be the North Pole, and che Heur-circles co be drawn on a Convex He- 
maſph&e; ſo CR che Subſtylar, and CP the Axis of the Style, will 
will both point upward - and having drawn che Tropick of S, you ſhall 
find by che meeting of che Plane wich che Tropick, and che Hour-curcles, 
that che Sun at che higheſt may ſhine upon the Plane from the cime of che 
riſing unril.it be paſt g- in the morning, and from 7 inthe evening uato 
the-rime of his ſetting. Bur if ic. be che Sourh-weft Face of the Plane, 
chen you may either ſuppoſe the Subſtylar and the Axis to be continued 
down below. che Center, like unto the Hours before and after 6 iy an Ho- 
rizontal Plane ; or clſc:you may turn che Diagram, and think P to'be che 
South Pole,. and the Hour: circles ro bedrawn in an Horizontal Concave, 
ſo CR the Subſtylar, C P che Axis of che Style, will borh point down- 
ward, and ſo allo the Hour-lines from $ in the morning until after 75 un 
the evening, as it doth appear by the meeting of che Plane with the Ho- 
rizon, and che Hour-circles. F-.4.1- 

Thus wich the drawing of one Line in.che Diagrams to repreſent che 
Plane accofdingto his declinationy you may have the Hour- lines ficeed to 
any Decining Vertical, with che Style and Snbſtylar in their due place, 
arich may ſuffice to free you frora groſs erxour. ; bur for more exaQtnels, 
we conſider three Triangles. 


I. To find the Inclination of Meridians. 


The Meridian of the Place is a Circle paſting through the Poles of the 
World, che Zenich and the Nadir. The proper Meridian of the Plane 
is a Circle paſſing through che Poles off the World and che Poles of che 
Plane, The Cirde of che Plane and theſe ewo Meridians do make a Tri- 
angle, ſuchas Þ RZ, wherein we know che Angle at R. 

Iconſfider the Angle of Inclination of the Meridian R PZ, and there 
fee how that PZ, the Meridian of che Place, which is che Hour of: 1 2, 
being 309. gr; diſtant from Þ R the Mcridian of the Plane, and chat one 
Face of the Plane being open to the S2nch-weſt, and the other tothe 
Norch-caſt, chis Meridhan of che Plane fallech to be the. ſame with the 
Hour of 2, (otherwiſe with the Hour of 102) therefore allowing 15 gr, 
tor an Hour, the Hour of 1 RPO wilbbe rt5 gy. and RP X the Hour 
of 11 will be 45 gr, diſtant from PR the proper Meridian of che Plane : 
And 
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pane —t 3o | And ſo I gather the Inclination of the 
ge ff bo 0 | reſt of the Hour-circles rowards this Me. 
SiNad, 5o 5 ridian, according. to their Angles at the 
itt, . "= Mrs as tm the fecond Column of this 
TI | Table, | 
Diſt. Subſt. 12374 Then taking my Compaſſes in my hand, 
EMC I. | extend chem from the Sine of 9o gy. uato 
_— j the Sine of 34 gr. 33 #v. the heighc of the 
99, ©0190 1.9]. Pole above the Plane, and find them to 
| reach in the Line of Tangents from ry py. 
4+ 3% che Inclination of the Hour of 'T, to 8 or, 
$5: 00 '8 * 33} 38m. forthe Ark of 1 from the Sabſtyfar, 
io, OF and from 3 gr. unto IB gy. 8 »», for the 
4 of 12, agreeable rs my olg , 
and trom 45 gr. unto'29 gr. 33 is. for the 
Hour of KA ſo the *<6, which T alſo 
- down in the third Column of the Ta- 
e | 
Theſe Arks being thns found, will ſerve 
for the drawing of rhe Hour-lines boch on 
4 $92 2992 __& theSonth-weſt Face and the North-eaſt Face 
| + of rhisPlane, andalfo on eicher Face of che 
like Plane chat hath the ſame Declination, and the Poles in the South: caſt 
and North-weſt. i 

1. By the help of a Thred and Plummer IT draw a Vertical Line, 
ferving both for che Meridian of the Place, and che Hour of 12, 

2, Inthis Meridian Line I make choice of a Center arC, in the upper 
part of che Line if ir be che Sonth Face, as here we ſappoſe ir, chat the 

may have room to point downward : but in the lower part of che 
Eine if it be the North Face of the Plane, for there the Style muſt poiut 
upward : and uponthis Center T deſcribe an occulc Circle,repreſencing che 
Declining Vertical belonging to the Plane. 

2. I find a Chord of 18 gr. 8 ». the diſtance of rhe Subſtylar from 
the Meridian of rhe Place, and inſcribe it into this Circle, from the Me- 
ridian unco A toward the right hand, becauſe in chis Example the Meri- - 
- dian of the Plane falls among the Hours after Noon, (for otherwiſe ic 
muſt have been inſcribed toward the l:fe hand) and there I draw che 
Line GC A ſerving for the Subſtylar, 

4. According to the Table of the Arks of che Plane from the Subſty- 


lar, 


q 
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lar, I find a Chord of B gr. 38 wv. and inſcribe ic into this Circle, from 


the Subſtylar roward che Mcridian for the Hour of x. In like manner 


a Chord of 29 gr. 23 w. for the Hour of 11, and a Chord of 44 gr. 
3@m. for the Hour of 10; and ſo forthe reſt of the Hours, cheir Hales 


and Quarters, 


| 


5. Idraw Right Lines-through the Center and the Terms of chefs 
Chords, and cheſc Lines{o drawn are che Heur-lines required. 

Laſtly, I ſer up the Style over the Subſtylar, ſo as it may cuc the Plane 
in the Center, and chere make an Angle with the Subftylar of 24 pg», 
33 ». according to the height of che Pole above che Plane ; 6 ic thall 


repreſcne 
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repreſent the Axis of the World, and be truly placed for caſting of che 
Shadow upon the Hour-lines in chisDeclining Plane. 


A ſecond Exumple. + 


Suppoſe another upright Plane in the ſame Laticude to decline from 
the Vertical 65 gy. 44 with one Face 'open"ro rhe South-eaſt, the other 
ro the North-weſft.- Theſe m—— wonpld be numbred from E-unto 
Q, and from Wauto H, an the Plane repreſented by QZ:H : For fo 
the one Pole will fall at B-in the South-eaſt, and the other at D in che 
North-weſt, according to the -— #7 The proper Meridian of this . 
Plane may be ſupplied by rhe Cirde BP D, croſſing che Plane in the Point 
T, between the Hours of 7 and 8, and chere is the y_U of che Subty- 
lar. The-Souch-caſt Fece will contain all che Hours from Sun-rifingunto 
2 after Noon; and ghe North-welt Face, all the Hours from t after Noon 
unco Sun- ſerting. n working/as before, 

1, The Angle Z PT, the Inclination of the ewo Meridians, will be 
| fourid SY _—__ de et mage 
a= Tas. FT. Ar TI, c mealure of che 
— Ur ng Jt 35 | Angle PCT, cheheight of the Pole above 
Dif Med 70 30 the Plane, and fo the height of the Style 
rigor T2 above the Subſtylar, will be 14 gr. 51 », 
Diſt, Subſt. 35 $6 '3- The Ark Z T , the meaſure of the 
HFA Hs Angle Z CT, ſhewing the diſtance of the 

'| Subſtylar from the Meridian, will be 35 gr. 


*. 

79 30s Fa Fo The Arks of che Plane beeween the 
64 Me 70. Subſtylar and che Hour-lines, depending 
49 30/70 42, on the differeace of Meridians, whith is 
34 3070 © here 70gr. 30 mw. or 4 bo. 42 w. ſhort of the 
4 - - , « | —7 nm I _ ar 2 __ three 

. -oÞ umns, one for the Morning and Eveni 
Merid. bltyl. Hours, another for the Angles ar che Pole, 
T0 30 2 pe and the third for the Arks of the Plane, 
25 30, 2 { and there write 70 yr. 30 ws. by che Hour 
40 . 3ZOI2 , 23 of 12, and place the Meridian and Subſty- 
55 3020 29 lrberween the Hours of 7 and 8, accord- 
Iz [79 3035 $6, jng as the Poles:of the Plane dofall in the 
1185 3072 56. Diagrams 

| Than 


- [8 
tn] 1 
»y 
Go) 
al 
55 
ER 


mw + ww aw oo ol! 
"” " 


— 


'I 


2 
3 
4 
3 
6 
7 
8 
9 
IO 
LI 


_ 
[= 
Ln, 


iy 4 Vertical Declining Planes 33 

Ther will the Angle at the Pole between the proper Meridian and the 
Hour of 11 be 55 gr, 3@ . the Hour of 10 will be 4 gr. 30 ww. diſtanc 
from that Meridian; and che reſt in their order : which being noted in 
the ſecond Column, the Ark of the Plane will be found to be ſuch Num* 
bers as I have nored in che third Cclumn, _ . 

With this Table chus made you may draw the Hour-lines, and ſet up 
the Style-on either Face of chis or the like Plane, che difference being only - 
in che placing of che Subſtylar, and that is reſolved .by the ſight of che 
Diagram, . : A | 6 . 


4 third Example, of a Plane falling near the Meridian. 


Afﬀcer the like manner, if in our Laticude an upright Plane ſhall de- 
cline 85 gr. for the prime Vertical, the one Face of ir being open to the 
Norch-weſt, and che other to che South-eaſt, we may in ſome ſort repre- 
{ent it by the Vertical Q ZH, and chen working as before, 

r. The Angle'Z PT, the Inclination of the two Meridians, will be 
found to be $6 gr, 5 mv. ſothat Þ T the Meridian of this Plane will here 
fall between the Hour-circles of 6 and 7 from the Meridian. 
> 2. The Ark Þ T, the meaſureof 'the Angle Þ CT, theheight of the 
Pole above the Plane, will be onely 3 g. 6 m, 

3. The Ark ZT, themeaſnre of the AngleZ CT, rhe diſtance of the 
Subſtylar from the Meridian, 38 gr. 23 wn. 

Spe _ of che Angles at = Pole Ek """ 
will be alſo gathered, by comparing the Me- __ a 
ridian of the Plane with x wages. of the Declination of © 
Hour-circles: For the Angle TPZ, be- Dift.. Merid. 86 $5 
tween T Þ the Meridian of the Plane, PZ |Altitude Styl., 3 6 
the Meridian of the Place, and che Hour of . (Diſt. Subſtyl. 28 23 
1 2, being 86 gr, 5 m. allowing 15 gy. for 
an Hour, the Hour of 11 4 will be 7$ gr. 35 w. and the Hour of 17, 
J1-gy. 5 »s. Giftanc from the Meridian of the Plane 5 and fo the reſt of 
che Hours, Or becauſe che difference of Meridians 86 gr. 5 mw. reſolved 
into Time, makes 5 bo, 4 »». and fothe Meridian of the Plane falls be- 
eween the Hours of 6 and 7 from the Meridian. I firſt place this Meri 


dian between theſe Hours, and then taking 75 gy. the common meaſure 
for 5 Hours, our of 86 gr. 5 wv. there remains 11 gr, 5 m. for the Angle 
at the Pole berween the Meridian of the Plane and the Hour of 7. Again, 
I take 86 gr. 5 mv. our of go gr. the — meaſure of 6 Hours, and 

ce there 


The Deſcription of the Hinr-lines 

An. Po.)Ar. Pla.|C IC 6G Gn coupe ; & L 5 _ for 

Gr M (in. Par.(In; Þa; | the Angle at the Pole between 
A 20 = che Meridian of the Plane and 
26 $8. the Hour! of 6, To theſe An- 
16 - 031. 8les fo found, I allow x5 gr. 
16 f. x every Hbur, as in the ſecond 
Columa of this Table, 
- ——* Then having the height of 
the Pole above the Plane, and 
theſe Angles at the Pole, che 
Arks of che Plane between the 
Subſtylar and che Hour-circles. 
will be found as 'in che third 
Colama, "ou 

Thefe Arks being found, will 
ſerve far the drawing of the 
Hour-lines on eicher Face of 
{| thusor the like Plane, 
| 2; By che help of a Thred 
_ and, Plammer I draw Z C a 

_ ., Vertical Line, ferving- bock 
for the Meridian of the place, and che Hour of 12. - 

2. In this Meridian Line I make choice of a Center in.the npper'pact 
of the Line, if ic had been che Southern Face of the Plane ; but here in 
C the lower parc of the Line, becauſe we ſuppoſed ir co be the North- 
welt Face of the Plane, and the Style muſt poinc upward : and upon this 
Center I deſcribe an occult Circle, repreſenting che Declining Vertical 
belonging tothis Plane, ' 

3. I find a Chord of 38 gr. 23 wv. the diſtance of the Subſtylar from 
the Meridian of the Place, and inſcribe it into this Circle, from Z in the 
Mcridian, unto T toward the left hand, according as the proper Meridian 
P T falls in the Fundamental Diagram ; and here I draw the Line CT 
ſerving for the Subſtylar, | 

4. TheSubſtylar being drawn, I may inſcribe the Chords of the Arks 
of the Plane from the Subſtylar, and draw the Hour-lines, and fer up the 
Style, as inthe former Plane, 

_ Or he Arksof the Plane from the Subſtylar being found as before, we 
may draw che Hour-line, upen the Plane otherwiſe than by Chords: For 
having drawn the Houw-lines as 3a the laſt Figure, upon Paper or ] 

arc, 


in 4 Vertical Declining Plants FN 
board, we ſhall find che moſt part of thera, in this and ſuch like Planes 
chac have greater Decdinanict, of fall ſo cloſe rogether, chat chey can 
hardly be diſcerned { wherefore to draw them ar large co the beſt advan» 
tage of the Plane, LI leave our the Center, and draw them by Tangents, 
as 1n the Polar Plane, 
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r, © confider the length” and breadth of the Plane whereon T am to 
draw the Honr-lines, which 1 ſuppoſe co be a e whoſe Side is 36 
Inches, and find chat the lirtle Square A B D E will contain both the Sub- 
red ng all choſe Hour-lines which are required in the great Square 

2, Ni two, parallel Lines, EN,G M, croffing the Subſtylar ar Righe 
Anglesin the points F and G,as they may beſt croſs all the Hout-liats,and 
yet the one be diſtant from the other as .” 4s the Plage will give me ny 

ce 2 an 


36- The Deſcription of the How lines 
and I find by the fight of che Figure, that if A B che Side of the leſſer 
Square ſhall be 36 Inches, the Line C PF will be about 115 Inches, and 
the Line CG abour roo Inches, and cherefore F G 15 Inches, Again, 
that che Point F will fall about 6 Inches below- the upper Horizontal Side 
AB, and about 12 Inches fromthe nexc Vertical Side BD; for I need 
not here ſtand upon Parts, | 

3. Becauſe theſe rwo parallel Lines are Tangent Lines, in reſpe& of 
Circles.drawn upon the Semidiameters CF, CG, and-ſuch Tangent as 
belofgs to the Arks of the Plane, being berween che Subſtylar and the 
Hour-lines, the proportion will hold, 


" = eAetheFangentof 45 gr. 
is to the Tangent of the Ark of the Plane : 
So the Length of the Semidiameter, 
to the Length of the Tangent-line. 


As for Example : The Ark of the Plane between the Subſtylar and 
the Hour of tis 15 gr. 28 wv. in the former Table, the Semidiameter 
CF 115 Inches, and the Semidiamerer CG 100 Inches : Wherefore I 
exrend che Compaſſes from the Tangent of 45 gr. unto the Tangenc of 
I 5 gr. 28 my. the ſame extenc will reach from 11x in the Line of Numbers, 
unto 31,82, which ſhews che length of the Tangent-line berween F in the 
Subſtylar and che Hour-line of x to be 31 Inches 8 2 cent, or parts of 200. 
Again, the ſame extent will reach from 190 unto 27, 67 ; and ſuch is the 
lengrh of the lefler Tangent from G co the Hour of 1. 

The like reaſon holds for the length of che other Tangents from the 
Subſtylar ro-the reſt of che Hours, as in the Table ; as alſo for the height 
of the Style above cheſe Tangenr-lines : and fo the Angle of the Scyle 
above the Plane being 3 gr. 6 m.. the Height Þ K will be found co be 6 In- 
ches 23 cent, and the Height G L 5 Inches 42 cent. | 

Where the Reader may obſerve, that if the extent from the Tangent of 
45 gr.to the Tangent of 3 gr. 6 #, orto I 19 in the Line of Numbers, 
be coo large for his Compaſſes, he may uſe the Tangent of 5 gr. 43m. in 
ſtead of the Tangent of 45 gr- as I nored betore. 

4,Having found theſe Lengths and Heights,and ſer them down in a Ta- 
ble, I come to the Plane here reſembled by the lefſer Square ABDE, 
where I begin with an occulc Vertical Þ H, about 13 Inches from the Side 
B vo. u che Center F, about 6 Inches below the Side A B, de- 
{crib penn oy Ark of aCiuck, Y 

| $: Into 


 : 1.6 Meridian Inclining une.” JF: 

5. Intorhis/Ark 1 firſt inſcribe a:Chord of 33 gy. 23, the diſfance 
of che Subſtylar from the Meridian, co make the Angle H F G equal 
the Angle Z'C TT; fo the. Line F G ſhall b&ihe Subſtylars: and che ano- 
ther Chord of g1 gr. 37 w. the Complement of this Diſtance, ro make 
up the Right Angle G F'N ; fo the Line Þ N ſhall be-che- greater of the 
ewo Tangent-lines before-mentioned. [7 o01 

6. I ſer off 15 Inchesfrom F unto G toward the Center, and through 
G draw the lefſer Tangent-line G M, parallel -rothe former. 

7. Theſe wo occule Tangent- lines being chus drawn, IT look into the 
former Table for the Hour of 1, and there findthe Ark of che Plane be- 
eween the Subſtylar and the Hour of 1 to be 15 gr, 28 »v+ and the lenge 
belonging to it 1n the greater Tangent-line co be 31 Inches 82 cent. in the. 
lefſer Tangent-line 27 Inches 67 cent. wherefore I cake out 31 Inches 
$2 parts, and prick them down in the greater Tangent from F coN, and 
then 27 Inches 67 Parts, and prick them down in the lefſer Tangent 
from G to M, and draw the Line MN for the Hour of xs, which if it 
were produced, would croſs the Subſtylar F G in the Center C, and there 
make the Angle FCN rg gr. 28 ». The like Reaſon holdeth for the 
drawing of all che reſt of che Hour-lines. 

Laſtly. I ſer up: the Style right ever the Subftylar, fo 'as the Height: 
F K may be 6 Inches 23 cent. and the Height G L 5 Inches 42 cent. chen 
ſhall K L repreſent the Axis of the World, and if ic were produced, 
would croſs che Subſtylar F G in the Center C, and chere make the An- 
gleF CK to be 3gy. 6 »: and (o be traly placedfor caſting of the Sha+ 
dew upon the Hour-lines in this Declining Plane, | 


—_ 


CHAP. VIIL 
To draw the Hoxr-lines in a e Meridian Inclining Plane.” 


Ll thoſe Planes wherein the Horizontal Line is the ſame wich che 
Meridian Line are therefore called 'Mcridian Planes: if chey be 
right ro the Horizon, they are called by che general name of Meridian 
Planes, wichout farther addition, and are deſcribed before 2-if-chey lean 
tothe Horizon, they are then called Meridian Incliners, | 
Theſe may incline either to the Eaſt part of the Herizon, or to the 
Weſt, and each of chem harh two Faces, 'the upper towardsthe Zenich, 
the lower cowards the Nadir , wherein' knowing che-Latjrude of che 
Place, , 
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The Daſcription of . the Hoar-lenes 
Place, i4Ad the Indination of the Plane to the Horizon, we are © con- 


der, I #7 11% TT 2X $4 .? ; 
-i2:: The = a $1109 I of the Plane co the Meridian of 
".n: the Place, ©! anvrn. Tom l 2 3s 
2. The Height of che Pole above the Plane. 
2. The Diſtance of the Subſtylar from the Meridian. 
4. The Diſtance of each Hour-line from che Subſtylar, 
And all theſe: four are repreſented id the Fundamencal Diagram, as in 
+... . ehisExample. -/!, | 
In our Laticudeof: gr. gy. 30 1p. a Mcridian Plane inclineth Eaſtward 
50 gr. cheſc go gr. I-mamber in the Vertical Circle from E unto G, ac- 
a, won the Inclination of che Plane, and there draw the Ark SG N 
repreſenting the Planeipropoſed. Again, I number 50 from Z unto K, 


" ſo.chePoint K (being go gr, from the Plane ar'G) ſhall be the Pole of 


this-Plane, and che proper Meridian of this Plane may be ſupplicd by a 
Circle drawn through K and P. This Meridian doth here fall berween 
theHours of 4 and 5, and croffing the Plane at Right Angles in the Poin: 
V, in the Right Line C V ſhall be the'Subſtylar, and che Angle PCV 
the height of che Style above che Plane, and Right Lines drawn from 
the Center C to the InterſeAions of rhe Hour-circles with $S G Nl (hall be 
che Hour-lines here inquired. The lower Face of che Plane will coutain 
all the Hour-lines from Sun-rifing unto It in che Morning, and che up 
Face the Hours from 9 in the Morning unto Sun-ſerting. Then have P 
ReQangle Triangle Þ V N,wherein the Baſe Þ N is the Height of the Pole 
above the North part of che Horizon, and the Angle PN V che Comple- 
ment of che Inclination to the Horizon : And theſe being known, 
T."T may find” the Angle NP V of Inclinacion of the two Meridi- 


ans : Fory | 


eAs the Cofine of the Latitmide, 
is to the Sine of gogr. 

' So-the Tangent of Inclination. to the Horizon, 
t0- the, T angent of Inclination of Meridians, 


Excend the Compaſſes from the Sine of 38 gr. 30 mw. the Complemenc 
of the Latitude, unco the Sine of 90 gr. the ſame extent will reach from 
the Tangent ob 50 gr. 0 anche Inclination of the Plane wo: the Horizon, 
wiaze ho Tangem of 62 gr-;25, mx.and ſuch isthe Tnclination of the Me- 
ridian of che Plane ro the Meridian of the Place ; which bring reſolved 


into 


In 3 Mervaian Tockning Plane. | ried 
into Time, doth give about 4 bs. and 10 ms. from the Meridian, for rhe 
place of the Subſtylar among che Hour-lines. 

2, The Height of the Pole abaye the Plane is here repreſented by the 
quanciry of the Ark of the proper MeridianP V ecn the Pole andhe 
Plane, ad; may be known by that hi we givenin the former 
Triangle Þ V N. For, 


0s nn INI NY FENWOY! TEL IERE 

ine of the' Lwvitwde »:- 2 71 : bs p28 ? 
A Comer the: Taclination:te: thi Horizon. 2:0 
: - #0 the Sine bf the Htlphe of the Pile above the las, V 4 


Extend'<e Compaſſes from the Sine of go, . - unto Fl gr. 30m. the. 


Sine of. the Laricude, the! fame extent will fxpm the Sine of; 46; 
the Complement of che Ihtlimarion of uhie roche Hotizon, waters 
Sine of yovagad: Or, ee 22.49 EY) 20 UBT, 
| | 214 19" | | ! > Bb) Js 1.45 A - a 
ras the: Gig [6h n7 | rl 


. © tothe Co-ſine of Inilination of Mer 
To the Tangent of the . Laticodle, © "Kon = 
to the T angent of the Height of the Po 


Extead the Corh pailes from_.che-Sige of 90\ Fr, up the Tingedt of 
$1 gr. 30 mn, the Latitude of che Place, the fa 

e Sine of 27 gr, 35 m. the br yn of the Tod 
Meridians ,” unto rhe Tangent of 30 gr And; ſach is PV che 
Height of the Pole bemnelel Plane, = fach be the Height of the 
Style above the Subſtylar, | 

3. The Diſlincee che Subſtylar fro the Meridiah herete reflared] 
by N'V the Ark of the Plane berween the two Meridian, at ly be 
found by that which we © have given at the firſt in th former Tr Tran 
PVN. For, 0 [4 k | 
X & 4.1 


es the Sine of '90 ex. - :- . m2 
tothe Sine of the Inclination to the hier 
So the T angent of the Latitnde, . © 
to the T angent of the Swb/tylar frow: the Meridian, 


Extend the Cungeiſe from the Sine of go gr. unto the Tangene of, 
of 


- PIERO g's TTY 
5 Theron of thi FMb-lives | 
$1 yr. 36m. the Latirnde of. the Place, thei{ame extent will reach From 
che Sine of .50 gr. the Inclination of the Plane'tto the Horizon,/ unto the. 
Tangenrof '43 gr. 55m. Anduchis the Ark'N V, the diſtance of. the 
Subſtylar from Ale Meridian. 71 10 rn nn, "y | 
''2. The Diſtances of the Houtrlines from 'the Subſtylar:are here alſs 
repreſented by thoſe Arks of the Plane which are here intercepred berwecn 
the proper Meridian and the Hour-circles, and may be found by thar 
which we have given in the Triangles made by the Plane, with his-proper 
Meridian and t Hour-circles : For theiWnglear V, 'betweet the Plane 
and che proper Meridiamy\ivWcl\kndwn to bera Righr Angle, andiche Side 
he Maha bfrhke Palccaborcizhe Plake, \and the Angles at the 


PVisc 
Pole berween che proper Meridian and the Hour: circles areeafily gathered 
*. 98 07 9, 17 02011 ,4, Into wiTable.. The Angle V PN berween 


Te gp yg ; .,ViP::che proper Meridian of che Plane,and 
_ un 1"SiS4 - 27.96: $::Þ!Nhe rn remparee _ be 
h —_ ing 62 gr. 25 w. the Angle batween the 
ran = 4 per Meridian and the Circle of the Hour of 
Dift. Subſt. 43 x55. |.. It will be 77 gr.-25 #s. and che Angle be- 

TTY longingeo che Hour of 1, 47 gr. 25 wv. and 
. . | yt 
KA, ot 


Hours. Gr e reſdof che Anglesac the Pole; Then, 
ap 8 Nl ArteSmef go. 
% Me Eo -PIT&:; Whoop | xo her the Height of the Pole 
Fe 36d 11 F8 0 OB 2 e Plane : | 
jo 2'- (3m 2302 430 © So the Tangent of the Angle at the Pale, 
”" > | H. Ba f ' ,o6 rapey ent of the Hour-line from 
1 b ITS 11271! 1412 ar | | 
: Merid. [Sabſty] Ig" "6 
Lond. fs G.::A6  - Wherefore I extend the Conipaſſes from 
! ” ol. the Sine of 90 gy. wito che Sine of 30 gr. 
Js 4 [2,35 4 " 12 x. the Height of the Pole above the 
35]3 3 Plane, and I find the ſame extent to reach 
@ | in the Line of Tangents from 77 gy. 25 », 


22 | unto66 gr. 4 m. forthe diſtance: belopging 

| : +>» to the hour of 17; and from the Tangenc 
of 62 gr. 25 m. to 43 g7- $5 mv. for the Hour of 12, as when I found 
the diſtance of ' the Subftylar from che Meridian : And fo for the reſt of 
the Arks of che Plane berween he Subſtylar and che Hour-circles, as in . 
ae TublecT 55 =or 155 0 1s out” | »NerentD) vols Ha) 
*JIT * Theſe 


ink Meridjar Inclining Plants” 43. 
Theſe Arks being thus found, will ſerve to draw the Hour-lines on 
either Side of this Plane : But ſappoſing it to be che upper fide, | 
rt. I draw the Horizoncal Line CN, ſerving for. the Meridian and 
Hour of 12. 
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XI > ' 
2, In this Line I make choice of a Center at C ; and thence de» 
{cribe an occult Ark of a Circle repreſenting the Plane propofed. \- + 
3. I find a Chord of 43 gr. 55 mv, the diſtance of che Subſtylar from 
the Meridian, and inſcribe it into this Circle from N unto A, according 
as I find the proper Meridian PÞ V co fall in the Fundamencal Diagrare, 
and chere I draw the Line C A ſerving for the Subſtylar. 


Fre 4. The 


4 The Deſcription of the Hour-lines 
4- The Subſtylar being drawn, I may infcribe the Chords of the Arks- 


of the Plane from the lar, and draw the Hour-lines, and ſer up the 
Style, as in the former Planes. 


$70 SLY 5 - Rn 
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| Te deax the Hog -lints in a Polar Declining Plant, 


os 


7 


HP 7Z Wile 
T's Planes wherein a Line may be drawn parallel co che; Axis of che - 
> World are called Polar Planes, .becauſe that Line pointech unto. the. 
Poles; ; and theſc Planes are always parallel co ſome one of the Hour-cir- 
cles, If they be parallelto che Hour of 6, they are.called Dire& Pokr 
3 if w thoHoyrof 24; they ate called Meridian Planes ; and bath 
; rw befors+-if coany other of the Hour-circles, they are 
then @lkd bythename of Polar Dglining Planes, becauſe of their in- 
clinigg to che Pole; and declining from the Vertical. | 
Thele kipd of Phancs may. be known in this ſore: Firſt, conſider the 
Indinatzon of ehe Platic to the Horizon, which in theſe pares of the World 
myſt always.be Northward,. and more than che Latitude of the Place, 
Then find the Declination. from the Verticals Theſe two being known, 
As the Sine of go gr. 
ts the Co-fint.of the Devlination : 
Ss the T angent of the Declination, 
to the. T angent of the Latitude, 
it is then a Polar ' 


eclining Plane ; otherwiſe not. 
For example: In our Latitude of 51 gy. 30 w. a Plane is propoſed 

; declining from the Vertical 65 gr, 40-w.-aud inclining Northward 71 gr. 
51 ww. the upper Face being open to the Sourh-eaft, and che lower to the 
Neorth- weſt. If Inumber thoſe 65 gr. 40 ms. inthe Horizon of the Fun- 
damental Diagram from E unto Q,, and draw the Line H C Q; it ſhall 
repreſent the Horizontal Line of the Pane : 'rhen croſſing jr at Right 
Angles with the Plane BZ D drawn through the Zenith, \ I anmber 
71 gr. 51 ms. for the Inclination from D unto R, and there draw the 
Circle HR Q; this Circle fo drawn ſhall repreſent the Plane propoſed : 
and becaulc ir alſo pafſerh through the Pole, it is therefore a Polar Plane, 
But 


#4 Polar Dechwning Plane. -. | cx 
'But for farther trial, I extend che Compaſſes from the Sine of go gr. to the 
Sine of 24 gr» 20 ws. the Complement of the Declination, and I find 
the ſame Extent to reach. from che Tangent of 71 gy, 51 ms. the Inclina- 
cion propoſed, unto the Tangent of gt gr. 30 wv. which is the true Lati- 
tnde of the Place ; and therefore it is a Polar Plane. 

Again, I number che Inclination of 71 gr. 5 1 as. in the Circle BZD 
from Z unto M, ſo this point M will fall at che meeting of B Z D with 
the Equator, and being 90 gr. from the Plane at R, it ſhall be che Pole 
of this Plane ; and a Cixcle drawn through M and P will be the proper 
Meridian of this Plane. This Meridian M P here falling on the Hour of 
$8, doth give MP Z, che Angle of the Inclination of Meridians, -to be 
4 Hours, or 60 Degrees z then croſſing the Plane at che point P, it ſhows 
that the Subſtylar ſhould be CP, and be placed ac the Hour of 8, Buc 
becauſe Þ is the Pole, and CP the Axis of the World wherein all che 
Hour-circles do meet, and fo there would be no diſtinRion between the 
Axis, the Subſtylar, and che Hour-lines, I now: ſuppoſe che Plane in a 

arallel co the Circle HR Q, according to the diſtagce that I would have 
eween the Axisof the Style and the Subſtylar, chen will the Style be 
parallel co the Plane, as appears in the Fundamental Diagram. 

Here then the Style will be parallel co che Plane, and che Hour-lines 
parallel one to the other, asin the Meridianand DireR Polar Planes. Yet 
that we may better know how to draw the Hour-lines,” and where to place 
the Style, we are to conſider, | 


I, The Ark of the Plane between the Horizon and the Pole. 


In a Meridian Plane, the Ark betweerf the Horizon and the Pole,which 
repreſents the Ark berween the Horizon and che Hour-lines, is always 
equal co the Latitude of che Place z ina dire Polar it is an Ark of 90 gr. 
in theſe Declining Polars it 1s greater than the Lacitude, and yet leſs than 
90 gr. This Ark is here repreſented by PQ, and may be known by re 
ſolving the Triangle QN Þ, or PRZ. 


At the Sine of g0 er. | 
to the Co fine of the Latitude : 
So the Sine of the Declination, 
to the Co-fine of the Ark, between the Horiz.on and the Pole. 


Extend the Compaſſes frem the Sine of go gr, unto the, Sine of 38 gr. 
2 30 w. 


F ff 


' * Ti he Deſcription of the Houy-lines. 
30 m, the Complemenc of the Latirude, the ſame extegt will reach fron , 
the Sine of 65 gr. 40 9, the Declinarion propoſed:, 'unto the Sine ob 
34 £7 34 », whoſe Complement is 55 gr. 26 av, the. Ark of the. Plane. 
required beeween the Horizon and the Pole, 


* Or, AvrtheCofine of Inclination tothe Horizon, 
to the Sine of 90 gr. 
Ss the Co-tangent of the Declination, 
to the T angent of the Ark, between the Horizon and the Pole. 


Arid ſo extending the Compaſſes from the Sine of 18 yr. 9 w,the Comes 
plement of che Inclination to the Tangent of 24 gr. 20 ms. the Comple, 
ment of rhe Declination, the ſame extent dorh reach from the Sine of 
99 gr. unto the Tangent of 5 5 gr-- 26 mm. And ſuch is QP the Ark of the 
Plane berween the Horizon and the Pole, the meaſure of the Angle QC P 
between the Horizental Line and the Subſtylar. | 


2; The Tuclination of the Aferidian of the Plane to the Meridian of the 


Place. 


The Subſiylar in a Dire& Polar Plane is- always the. ſame. with the 
Hour-line of 12; in a Meridian Plane it-is-the ſame with the Hour-line 
of 6; in theſe Declining Polarsic muſt be placed between 12 and 6, ac- 
cording to the Inclination of the Meridian of the Plane to che Meridian +. 
of the Place, which is here repreſented by MP Z, the. Complement of. 
che Angle R PZ, andchus known, . 


As the Sine of 90 g; 
to the Sine of the Latitude : 

$5 the Tangent of the Declination of the Plane, _ 
to the Tangent of the Inclination of Meridians. 


Extend the Compaſſes from the Sine of 9o gr, to the Sine of 5 gr; 
30 m».the Laticude of the Placezthe ſame exrent will reach from theTangene 
of 65 gr. 40m. the Declination-propoſed,- unto the Tangent of 60 gr, 
and ſuch is che Angle of Inclination berween the- Meridian of the. Place 
and the proper Meridian of the Plane, which reſolved into Time, doth 
make four Hours; and ſo the Subſitylar muſt here be placed upon the Hour 

of 8 in the Morning, | ; an 
1s 


bn « Polar Declining Plane. ' 45 
' This Angle being known, the reſt of the Angles at the Pole ate cafily 

gathered: Forif che Hour of 12 be 60 gr, diftant from the Meridian of 
the Plane, che Hour of 1 will be 75 gy. and the Hour of 1 1-will be 45 gre 
diſtant, and the reſt: of the Hours, as in che Table following.” Then0-- 
ming tothe Plane, 

1, I draw an occult Horizontal Line H Q wherein I make choice of a: 
Center acH, and deſcribe an occult Circle for the Horizon of the Plane. 

2+ I finda Chord of 5x gr. 26 w.and inſcribeit into this Circle from 
Q nat B, — che fituation of the Plane 3 ſothe Line HB ſhall 
be the Meridian of « 
. A C, creſling it at Righe Angles, ſhall be che Equator. | 

z 


— 


til 


; 3. I'confider the lengeh of the Planey and how many Hours I am to 
dray upon it, chat ſo I may proportion the Height of the Style ; and-I 
find by the Fandamemal Diagram, and che former Table, that ic will 


contain 


e Plane, aud cherefore che Subſtylar ; and the Line: 


 _—>  w— BY oo <a eo Woe 


\ 
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contain all che Hours from Sun-riſing until ic be paſt x after Noon : and 
therefore che Meridian of the Plane falling on che Hpur of 8-in the morn- 
iog, che will be four Honrg on the one fide, and five on the other (ide 
of the Subſtylar, "Bur in 7 VorarPhanes che heighe of the Style aboye the 
Subſtylar muſt be equal ro the- diſtanceof che chird our from the Subſty» 
lar, or about + of the fourth Hour, or little more than 4 of thefifth Hour, 
aud thereupon I allow the height of. this Style to be equal to C B, which 
you may ſuppole to be 10 Taches, E780 

#- Becauſe the Honors A Cis a Taagent-line, in reſpeRt of che Radins 
BC; and the partes thereof are ſuch as belong to the Angles berween the 
Mcridian of the Plane and che Hour-lines, which Angles are ſet down in 
the Table following, I may find the length of cach ſeveral Tangent in 
this manner, 


eA: the Tangent of 45 gre : 
is tothe Lengent of the Hour : 


So the Parts of the Radins, | 
to the, Parts of the T angent- line. 


[Fatimade 51 3o | + The Angle AB Cbetween the Meridian 
cre 65 4o | of thePlancand theHour of 12, the Meri- 
Indinar. 71 +51 } dian of the Place, is 60 4 in the former 
Diff. Mcrid, 60 "© | Table, and the Radius BC is ſupyoſed to 


Diſt, Subſt. 55 20 | Þe'20 Inches.; whereupon I extend the 
IT —P PF Compare oy ——— of 45 gr-/unto 
"4g Ang. Po,\_ Op the Tangent of 60 gy. the-ſame exrenc will 
Gr. 0. ut EE Teach from 10 in the Line of Numbers, unto 


, 
o 


——_—— 
69 0017 /31 at | , 

” 4 / 2 | 27. 32, Which ſhews the lengthof che Tan- 
#1 - 03.00/08 - gent A C, berween the Subſtylar and the 
gl. Hour of T2, to be 19, 32cent. The like 
—— | reaſon holds for the reſt of the Hours. 

L|- "Theſe Length Bing thus found and ſer 
"Yown in the Table, I rake cut 17 Inches 

32 cent, and prick them in the Equator from 

C unto A for the Hour of 12, and 37 In- 
-ehes 32 rens. and prick them down for the 

Hour of 1-: And ſo the reſt of the Hour- 

pointy. ; | { % 

6. This done, if 1 draw Right Lines 


through 


| in a Declining Inclining Plane. 47 
through each of cheſe Points, crofſing the 7 at Right Angles, they 
ſhall be che Hopr-lines required : And if I ſewbe Style over the Subſty- 
lar, ſo as the edge of it may be parallel co the Plane, and che height of ic 
be 10 Inches,. equal co che former RadiusB C, ic ſhall repreſent the Axis 
of the World, and be truly placed for caſting of the Shadow upon the 
Hour-lines in his Declining Polar Plane, 


_ _ ————_— 
— —— — — — 
—_— —  —— 


C H A P ' X. ; : 
To draw the Hour-linetin a Declining Inclining Plane, 


. \FF a Plane (hall decline 'from the prime Vertical, and incline co the 
Horizon, and yer not lie even with the Poles of the World, it is then 
called a Declining Inclining Plane. 2 

Of theſe there are ſeveral ſorts ; for the Tuclination being Notthward, 
the Plane may fall berween the Horizon and the Pole, as the Curcle BM D 
in the Fundamental Diagram; or between the Zenich and the Pole, as 
BF D; orthe Inclination may be Southward, and fo be repreſented by 
B RD: ir may alſo fall cicher below the Interſeion of the Meridian and 
| the , Or above it 3-and cach of theſe hach two Faces, the upper 

toward the Zenith, and the lower toward the Nadi; wherein having 
the Latirude of the Place, -with the Declination agd Inclination of the 
Plane, we are further co conſider, 
1, The Ark of the Meridian between the Pole and the Plane. 
2. The Incligacion of the Plane to che Meridian. 
3. The Ark of the Plane between the Horizon and the MeriGian- 

4. The Angle of Inclination berween both Meridians. 

5. The Height of che Pole above the Plane. 

6, Thediſtance of cheSubſtylar from the Meridian. 

7. The diſtances of each Hour-line from the Subſtylar. : 

And all theſe. ſeven may be repreſented in the Fundamental Diagram 
a$ in this Example. 

In our Latitude of 51 gr. 301. a Plane is propoſed declining from the 
Vertical 24 gr. 20 mv, and inclining Northward 36. gr. the upper Face 
lying open to the Sourh-weſt, the lower to the Norch-eaſt, If I number 
theſe 24 gr. 20 #9, in the Horizon from Eto B, and theredraw the Line 
B CD, it ſhall repreſent the Horizontal Line of che Plane Then crol- 
fing zt at Right Angles with the Plane HZ Q drawnthrough.t _ 


I number 36 gy. for the Tnclination' from Q_unto M, afid there draw 
the Circle B MD, croffing the Meridian-in the- Point' a;, his Circle fo 
drawn ſhall repreſent che Plane propoſed : and becanſe ir doth not paſs 
through — Pole, is therefore no Polar, buc an ordihary Declining In- 
ining Plane. | | 

+ The Ark of che Meridian of the Place between 'the Pole arid the 
Plane is here repreſented by P.4, and may be found by reſolving the Tri- 
angle DN «, wherein the Angle at N is known to be a Righr Angle, che 
Angle at Dis the Angle of Iuclinacion, the Side D N che Complemear 
of the Declinationz which being known, 


As the Sint of '90 gr. 


#7 


" Extendthe' Cbmpaſſes from the Sine of 99 gr: re the Gi my £7. 
e ſame cxtehr-will re 


.3. The Inclinacion of th e co the Meridian js here repreſented by 
the AngleN. D, and may be found by that which we have given in.che 
Former Triangle DN 4. For, 


At the Sine of 9&gr. 
to the Sine of the Declination from the Pertical: 
So the Sine of /nolination to the Horizon, 
to the Co-ſine of Inclination of the Plane to the Meridian, 


Extend the Compaſles from the Sine of 90 gr. unto the Sine of 24 gr, 
20 ». the Declination of the Plane, the ſame extent will reach from = 
Sine of 368 the Inclination given, unto the Co-fine of 76 gr, and ſuch 
is N « D ch$& Angle of Inclination berween the Plane D « aud N 4 che Me- 


ridian of the Place, Or, 


As 
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Ar the Sine of the Ark of the Meridian between the Hiriz.on aud th: 
, Plane, 


is to the Sint of 90 gr. 
$o the Co-tangent of the Declination, 
to the Tangent of Inclinatien of the Plane to the Meridian. 


Extend the Compaſſes from the Sine of 33 gr. 39 mw, the Ark of the 
Meridian between ' » Horizon and the Plane, unto the Sine of 90 gr. the 
ſame extent will reach from the Tangent of 65 gr. 40 w. the Complement 
of the Declinacion, unto the Tangent of 67 gr. and ſuch isthe Inclinanon 
of the Plane to the Meridian, the ſame as before. 

3. The Ark of the Plane between the Horizon and che Meridian is here 
repreſented by D 4, and may alſo be fonud by char which we have given 
in che former Triangle DN a, 


«A the Co-ne of [aclination to the Horizon, 
is to the Sine of 9e gr. | 
So the Co-tangent of the Declination, 
to the Tangent of the Ark of the Plane from the Hirizon to the 
Meridian. 


Extend che Compaſſes from the Sine of 54 gr. the Complement of the 
Inclination of the Plane to the Horizon, unto the Sine of ge gy. the 
ſame extent will reach from the Tangent of 65 gr. 40 ». the Com- 
plement of the Declinarion, unto the Tangenc of 69 gr. 54 m. And 
fuchis D « the Ark of the Plane berween che'Horizon and the Meridian 
of the Place, | 

4+ The Inclination of Meridians is hererepreſented by the Angle a bP. 
For having drawn the proper Meridian bP k, or let down a Perpendicular 
P b from che Pole rinto the Plane, this Uhr 96 (hall be the Meridian 
of che Plane, and we ſhall have another Triange 4 b P, wherein the Angle 
at bis a Right Angle becanſe of che Perpendicular,che Ange at is the In* 


clination of the Plane ro the Meridian of the Place, and che Side Þ a is the - 


Ark of the Meridian berween the Pole and the Plane; which being known, 
At the (+ ſine of the Ark of the Meridian between the Pole and the 
Plane 


ie to the Sine of 90 gr. | 
Ggg [1 © 180 
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So the Co tangent of the Inclination of the Plane to the Meridian, 
to the T angent of Taclination of the Meridian of the Plane to the 
Meridian of the Place, that ir, the Angle at the Pole between 
the two Meridian, 


Extend the Compaſſes from the Sine of 72 gy. the Complement of the 
Ark Þ a between the Pole and the Plane, unto the Sine of 90 gy. the ſame 
excent will reach from the Tangent of 14 gr. the Complement of the In- 
* clination of rhe Plane ro rhe Meridian, unto the Tangent of 14 gy. 41 mv, 

And ſach is the Angle aP b of Inclination berween the Meridian o che 
Place and rhe proper Meridian of che Plane ; which reſolved inco Time, 
doth make abour 59 #s. and ſo the Subſtylar muſt here be placed near che 
Hour of 1 after Noon, 

S- The Height of the Pole above the Plane is here repreſented by Þ 6 
the Ark of the proper Meridian berween the Pole and rhe Plane, and may 
be found by that which we have given in the Triangle ab P. For, 


As the Sine of 90 gr. 
to the Sine of the Ark of the Meridian of the Place between the 
Pole and the Plane : 
So the Sine of Inclination of the Plane to the Meridian, 
to the Sine of the Height of the Pole abeve the Plane. 


- Extend the Compaſſes from the Sine of go gy. unto the Sine of 18 gy. 
the Ark P a vf the Meridian of che Place from the Pole to the Plane, the 
ſame excenc wall reach frem the Sine of 6 a P the Inclination of the Plane 
ro the Meridian of the Place, umo the Sine of 17 gr, 26 w. Or, 


As the Sine of 90 gre i 
to the Co-fine of Inclination of Meridians”: 
So the Tangent of the Arh of the Meridian of the Place between the 
Pole and the Plane, 
tothe Tangent of the Height of the Pole abeve the Planes 


Extend the Compaſſes from the Sine of 90 gy. unto the Sine of 75 gr. 
+9 w. the Complement of «Pb the Inclinacion of the two Meridians, 
the ſame-extent will reach from-the Tangent of 18 gr. the Ark Þ « of the 
general Meridian berween the Pole and the Plane, wnto the Tazgent 
of 17 gr. 26 m. And ſuch is Pb che Height of the Poke __ 

| Plane ; 


Triangle ab P. For, 
At the Sine of 90 gr. ' 


in « Dechinialg Aulining 
Plane; end fuch muſt be che Heighc of the Sc 

6, This Diſtance of the Subſtylar from che Meridian of the Place is 
here repreſented by «b che Ark ot che Plane berween the ewo Meridians, 
and may be found by that which we had given art che ficſt in the former 


Playsr 


TI 
yle above the Subſtylar, 


to the Co- fine of the Inclination of the Plane to the Meridian : 


So the Tangent 
Pole and t 


Plane, 


anto the T angent of the Subſtylar from the Meridian of the Place. 


Extend the Compaſſes from the Sine of 


the Ark of the Meridian of the Place between the 


Laticude 


———— 


90 gr. unto the Sine of 14 gy. the Comple- |Declinar, - T7 
ment of b a Þ the Inclination of the Plane [Inclin, N. 216 o©o 
ro the Meridian, the ſame extent will reach [FT Et —_—_ 
from the Tangent of 28 gr. che Ark of the |; Merid ” 4 
general Meridian berween the Pole and che |, le. Seyl , s. 4 j 
Plane ,- unto the T t of 4 gy. 30 ». [Diſ. Subſt 7 : 
And ſuch is the Ark of the Plane berween —— _ - B&G... 
the two Meridians; and ſuch muſt be the | Hours, ne Ar. Pla. 
Diſtance from the Hour of 12 to the Sub- or. MjGr. M, 
tylar. 47 (59 4188 57 
7. The Diſtances of che Hour-lines from 8 (74 4147 35 
the Subſtylar are here alſo repreſented by 9 [59 41127 9 
thoſe Arks of the Plane which are intercept- Io +4 41116 31 
ed between che proper Meridian and the IT [29 41] 9 41 
Hour-circles : For in theſe Triangles, the I2 fI4 41] 4 30 
Angle at 6 berween che Plane and the pro- Me1id. |Subſty]l. 
per Meridian is a Right Angle, the Side Þ þ f [© gf © | 6 
1s the Height of the Pole above che Plane, 2 I5 19] 4 4 
and then the Angls a: the Pole berween the 3 30 1gj-9 56 
proper Meridian and the Hour-circles being 4 45 1910 $2 16] if 
gathered into a Table, 5 60 197 45] 23 GO 
. & 7 as i 
Mt the Sine of 90 gr. STE 


, #0 the Sine of the Height of the Pole above the Plane : 
So the T angent of the Angle at the Pole, | 
89 the T angent of the Howr-line from the Subſtylar. 


Ggg2 Extend 
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Extend the Compaſſes from the Sinc of go gr. unco the Sine of 17 gr. 
26 »». the Height of the Pole above the Plane, the ſame excenc wall 
reach from the Tangents of 14 gr. 41 mz, the Angle at the Pole belong- 
ingrto the Hour of 12, uncothe Tangent of 4 gr. 30 mv, for the Ark of the 
Plane berween the Subſtylar and che Hour ot 12; and from the Tangenr 
of 29g7. 41 ». unto the Tangent of 9 gr. 41 ms. for the Hour of 11: 
And to for the reſt of the Arks of the Plane berween the Subſtylar and 
the Honr-lines, as in the former Table. 

Theſe Arks being thus found, will ferve for the drawing of che Hour- 
lineson either fide of the Plane : bur ſuppoſing it co be che upper fide, I 
conſider how the Lines do fall in che Fundamencal Diagram, - and ac- 
cordingly, 


Þ, I:draw an occulc Horizomal Line DD, whercin I make choice > 
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the Center C, and thence draw an occulc Circle for the Horizon of che 
Plane, : ; 

2. I find a Chord of 69 gr. $4 m». the Ark of che Plane berween the 
Horizon and rhe Meridian, and deſcribe into this Circle from D unco 
a, and chere draw the Line C4 for the Hour of 12, - 

3. I find a Chord of 4 gr. 30 w. the Ark of the Plane berween the 


two Meridians, and inſcribe it into this Circle from auio 6b, and chae 
draw the Line C6 for the Subſtylar. 


4. The Subſtylar being drawn, I may inſcribe the Chords of the Arks. 


of the Plane from che Subſtylar, and draw the Hour-lines, and ſer up che 
Style, as in the former Plane, 


" eA ſecond Examp/e of a Plane falling between the Pole and the Zenith. 


In like manner if in our Laticude a Plane || acicuge 5l 30 | 
be propoſed declining from. the Vertical [|tejnat, 324 20 
24g7. 20 m1, 2s before, bur inclining to the |{qclinar. 75 40 


Horizon 75 gr. 40 mw, Northward, the up- _—_ 

er Face '« th open co the South-welt, & "pour 83 36 
We to the North eaſt; this Plane ſhall be 4 © bt . . 9 UF 
here repreſenced by the Circle B F D, croſ- |, '< w "17 
fing the Meridian' in che point d, berween + 65 BOWL cou 2 


the Pole and the Zenith, and che proper Me- Ho AnaPo.] Ar. Pla, 
ridian of this Plane, by che Perpendicular |: (Gr, M Gr. M. 
Ark Pe. 8 35 17176 56 


Then in this Triangle D N 4 knowing 70 1” 
the Side D N, the Complemenc of the De- b. 5s 17 = = 


clinationy wich the Angle of Inclination to 11 {40 17116 43 
the Horizon ar D, and the Right Angle at 12 [25 1;| 9 32 
N, theſe former Canons will give Nd, the r' Jo 1519: 41 
Ark of the Meridian berween the Horizon Merid. Subſtyl. 
and the Plane, tobe 74 gr. 20 wv,.and there- 4 4:1 40 
fore Þ D, the Ark of the Meridian between i9 43] 7 16 


the Pole and che Plane, will be 22 gr.50m, 
Plane to the Meridian will be found to be 


2 
3 
the Angle DdN of the Inclination of the : 49 43j22 46 
6 
7 


66 gr. 29 m. and Dd the Ark of the Plane | 
berween the Horizon and the Meridiaa — 
83 gr. 36 m. 


' 
| 
/ 
| 
: 


A—— 
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Again, in the Trianale Þ e d, knowing the Side Þ d, the Ark of the 
Meridiin between the P.le and the Plane, with the Angle of Incl nation 
co the Meridian at d, and che Right Angle ar e, che Angle d Pe of che In- 
clinxtion of the two Meridians will be found to be 25 gr, 19 m. and Þ e 
che Height of the Pole above the Plane to be 20 gr, go is. and d e the di- 
ſtance of che Subſtylar from the Meridian about 9 gr. 32m, 

Laſtly, having found che Height of the Pole above the Plane, and ga- 
thered che Angles at the Pole, the Arks of che Plane from the Subſtylar 
to che Hour-lines will be as in the Table; | 

This done, if we confider how the Lines do fall in the Fundamental 
Diagram, we may there ſee how the North Pole is elevared aboye the 
lower Face, and the South Pole above the upper Face- of the Plane, and 
accordingly make choice of a Center, draw the Hotizontal, the Meridi- 
an, the Subſtylar, and che Hour-I'nes, and ſer up the Style, as in the 
other Planes. 


'Latirnde 51 30 A third Examp'e of a Plane iaclining to 
Declinac. 24 20 | the Southward. 


inchnate nt nn] Tf in cur Laticade a Pl ſed 
—_ in our Laticude a Plane were propoſe 

uy _ 9a 2 declining from the Vertical 24 gr, 20 ws, as 
- p ar 46/2 before, bur inclining co the Horizon 14 gr. 
TY M- La ®cs | 3s 20 #. Southward, the upper Face being open 
whe I 6x7 pg © the North-eaſt, the lower to the South- 
Hours. | pas rx veſt, this Plane ſhall be chere repreſen:ed 


r. M.JGr. M. by the Cirele BK D, croſſing the Meridian 


6 |76 33175 ©] jathepoint f, berween the Equator and che 

7 [6x 3958 56] Horizon, and the proper Meridian of chis 

$ |45 37 #3 _ 3" Plane, by che perpendicular Ark Pg, ler 

9 |3T 3:1?* 35] down from the Pole to the Plane, near the 
10 16 3:]'4 58 


Hour of 11; at the North parc of the Ho- 
II oy, Wo? w rizon, as may partly appear by che neareſt 
jabſtyl. excent of the Compaſles,if the Circle BK D 
3 were drawn round and the two Letters f 
x |238 27]:5 57 andg lupplicd. 
2 |\43 27149 23] Then inche Triangle BSf, kuowing the 
- 18 27155 3% Side BS the Complement of the Declina- 
5 


73 27]7" 41] tjon, with che Angle of Inclinacion to the 
88 27602 15] Horizon at By atthe Right Angle at S, we 
FP may 


S-+ 4+ 
Ti 
- 


- 
- 
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may find S f the Ark of the Meridian berween the Horizon and the Plane 
to be 13 gr, 6 w. And therefore Þ f\, the Ark of che Mcridian berween 


the Pole and the Plane to the Sourhward 11 5 gr. 24 m7. but 64 gr. 36 mw. 
to the Northward, the Angle Bf $, or D f N of che Inclination of che 
Planc to the Meridian will be found $4 gr, 9. and Bf the Ark of the 
Plane berween the Horizon and the Meridian 66 gy. 20 m. 

Again, inthe Triangle P g f, knowing the Side P f the Ark of the 
Meridian berween the Pole and che Plane, wich che Angle of Inclinat;- 
og to che Meridian at f, and the Right Angle at g, che Angle f Þ yg of 
the Inclination of the rwo Meridians will be found to be 13 gr. 27 m2. 


and P g the Heighr gf the Pole abovethie Plane, abour 64 gr. and f g the 


D ſtance of the Subſtylar from the Meridian 12 gr. $ ms. 

Having found the Height of the Pole above che Plane, and gathered 
the Angles at the Pole, the Arks of the Plane from the Su'ſtylar co che 
Hour-lines w3l{ be found as in che Table. | 

This done, if we conſider how the Lines do fall in the Fundamen- 
tal Diagram, we may there ſee how the North Pole is elevared above che 
upper Face, and the South Pole above che lower Face of this Plane ; and 
accordingly make choice of the Center, draw che Horizontal, the Meri- 
dian, theSubſtylar, and the Hour-lines, and ſer up the Style, as in the for- 
mer Planes, : 


* 
. 


Meath 
ry — _—_ 


' CHAP. XL 


F'y deſcribe the Tropicks and other Circles of Declination in an 
'  Equindflial Plane. 


_ Ci gre parallel co che EquinoRtal, and yer fall within che 
Tropicks, miy be deſcr/bced on any Plane by help of cheſe Lines of 
proportion, but adiffcrent manner, according as the Scyle ſhall be 
either perpendicular or parallel co che Plane, or cur che Plane with Ob» 


lique Angles. 

In an EquinoRial Plane , where the Style is pexpendicular to the 
Plane, the Tropicks and other Circles of Drclination will.be perfe&t Cir- 
cles : Wherefore conſider the length of the Style in Inches and pares, and 


the Declination ofthe Circle'which you incegd to deſcribe. in Degrees 


As 


and Minutes, the proportion will hold, 


The Deſcription of the Tropicks 


eA: the Tangent of 45 gr. 
to the Length of the Style : 

| So the (-tangent of the Parallel, 
fot Semidiameter of hu Circle. 


.Suppoſe the Lengrh of che Style above the Plane to be 10 Inches, and 
that ic were required to find the Semidiamerer of the Tropick, whoſe # 
Declination is known to be 23 gr. 30 w. Extend the Compaſles from 7 - | q\ 
che Tangent of 45 gr. unto the Tangent of 66 gr. 30w. the ſame extent 31 


| 
A 


will reach in the Line of Numbers from 10 unto 23, which ſhews the” 
Semidiameter of the Tropick to be 23 Inches, So if the Declination be 
20 gr. the Semidiamer will be 27 Inches 47 cent. if 15 gy. then 37, 32 ; 
if xo gy: then $6.71; if 5 gr. then 114. 305: and lo inthereſt, 

Or if it were required to proportion the Style co the Plane, 
As 


"=. a4 


 / the Tangent of 45 gr. you 
t0. the T.axpent of the Declination: 

$o the Semidiameter of the Plant, 
co the Length of the Style. 


As if the Semidiameter of the greateſt Parallel upon the Plane were 
but fix Inches, and: that Parallel hould 'be'the fifth Degree of Declinaci- 
on; extend the Compaſſes from the Tangenc of 45 gr. unto the Tangent 
of 5 gr. the ſame extent will reach in- the Line of Numbers from 6, eo 
unto about ©. 53; which ſhews that the length of the Style muſt be 53 


| ou of an Inch divided into x00 : Then the length of che Style being 


nown, the Semidiameter of the orher Circles will be found as before. 

I begin here wich the fifth Parallel, and chence preceed unto the Tro- 
pick, becauſe the Shadow of the reſt near the EquinoQial would be 
over-long, and the EquinoQtial it ſelf cannor be deſcribed, - The Paral- 
lels of North Declinatien are tc be ſet on the Norch Face, and the Pacal- 
lets of South Declination en che South Face of the Plzne. Neither need 
cheſe Parallels ro be drawn in fall Circles, but onely co the Horizoncal 
Lint, which ſhall be deſcribed in Chap. 18, 

Having by theſe means ſer up the Style to its true. Height, and drawn 
the Circles of Declination, if we ſhall place the Plane ſo as is-thall'make 
an Angle with the Horizon equal to the Complement of the Latitude, 
and then turn it uncil che top of the Style caftthe Shadow upon 'the Pa- 
rallet of Declination belonging to the Time, the Meridian of the Plane 
will ſhew the Meridiari 6f the Place,” and the Shadow of the Style che 


Hour of the day, withour the help of s Magnetical Needle!” E 


oy ITY 


CHAP, XII 


To deſeribe the Tropicks 4nd other Elrtles of D:clination in « 


þ all Polar Planes, wherher they be parallel co che Meridian, or to the 
Circles of che Hour of 6, or otherwiſe declining, the EquinoRtial 
will be a Right Line, bur che Tropicks and other Circles of Declmation 

will be Seions Hypetbolical,' arid be thus deſcribed. | 
Conſider the lengrh of the Style, che Declimarion of the Parallel, 'and 
Hhh - the 


3 The Deſeription of the Tropicks 
the Angle at the Pole berween che Subſtylar and the Hour-line, whereon 
you mean to deſcribe the Parallel. SER "HE gt 


of no wh et 
- If you would find where che Parallels do croſs the Subſtylar, 


es the Tangent of 45 gr: 
to the Tangent of Deslination : 
-1: » Cotethe of the Style, | 
- tothe Di of the Parallel frum the EquineRial. 


| 


Asin the Example of the Polar Plane, where the length of che Seyle 
BC wa found co be 4 warp qr bf go wage wh rs xn} egy 
þerween the EquinoRtial xropick upon ine, ex- 
tend the from che Tangent of 45 gy. unto the Tangent of 
23 gr. 30 mw. the fame extent will reach in the Line of Numbers from 
x. 6r unto'0. 76; and rherefore the diſtance required is 70-parrs of an 
Inch divided into 100, The like reaſon holdeth for all other Parallels 
of Declination croſſing the Subſtylar, 

Bur .if you would find where che Parallels do-crg(s. any other of the 
Hour-lines, firſt find che diſtagce between the Axis of the Style and che 
Hour-line, then the diftance berween the EquinoQtial and the Parallel : 
Both cheſe may be repreſcored in this manner, + .. | 

On the Center B, and any Semidiametex B D, deſcribe an occult Ark 
of a Circle, and therein inſcribe a Chord of 23 gr, 30 w. from D unto 
T, wich ſach other intermediate Decligations as:you integd co deſcribe 
on the Plane ; ſo the Line B D (hall be the Equator, and'B T the Tro- 
pick, 


0d Orrelos of Darling; \ 
pick, andthe ather intermediate Lines che 
Lines of Declination. 

Thar* done, eonfiger your Plane, which ' 
for example may be either the Meridian of 
the, Declining Polar, Plane; _whercin ha- 
ving drawn both. che” Equator and the 
Hogr-lines-av before”, "firſt rake out the MELS 
Height of the Styte;and prick that down in S583 
this Equator from B yaro C; then caking |» ' 
outall che Di "= Bthe rap of 
the .Sryle eral Points [\wherei 
the Hort-lines do Rage, the Equator, tran 
- them inco chis Equator B D from the 


EE 
ny) pry or 


Houz from whehce' : 
cheſe*Per pendiculats ſhall re t thoſe 
Hotr- gp eral/Djſten 
tween the acorn = nes ; 'of De- 
clinati \ſtznces be- 
_— che Equator and the Parallels L, 
cltmarion your ont 
ground 1 « follower, "y 


To find the bf ance between the Axio and the Honrelinde, © 


"As the Co-ſine of the Hour from the Subſtylar, 
is to the Fine of 90 gr. 
So the length of the Style, 
$0 the diſtance between the g Axis and the Howr-line. 


As if in the former Example of che Meridian Plane, where B C che 
heighr of the Style is ſuppoſed ro be 1& Inches + ie were requized toy find + 
che diſtance berween B co the: top of the Style, . and che port wherein 
che Hour of 11 in the Morning doth croſs the Equator, which ishere re- 
preſented by By beraurſe it is the fitch - Hows fromthe Subſiylar, whoſe 
Angle ar the 


1975 gr. Extend the he Compaliet fathe Gapek'y Fe: 
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\ 
the Complemtnt ofthe A Hour from the Subſtylar, unto the Sine of 
90 gy. the ſame excent will reach from 10, 00 in the Line of Numbers, 
unto 38.64; and therefore the diſtance B 5, between the Axis and the 
Heur-line, is 38 Inchesand 64 cent. and may be called the Secant of the 
Hour.  ThenintheReQangle B 5 T, having the SideB 5, and the An- 
gle of Declination at B, 


To find the diflance between the Equinetlial and the Paralid. 


es the Tangent of 45 gr. 
to the Taagent of the Declination, 


$o the diftence between the Axis and the Howr-line, 
tothe diſtance between the Equinotal and the Parallil. 


LE 


Extend the Compaſſes from the Tangent of 45 gr unto the Tangent 
of 23 gr. 30. the Declination of the Tropick , 1o the ſame extenc will 


reach 


— 


| and Ciroler of Devlination,” * 6r 
reach in the Line of Numbers from 38. 64 the diſtance between the Axis 
and che fifch Hour-line, unts 16, $0; and therefore the diſtance if 16 
Inchgsand-80cent, The like reaſon hotderh foraltrhereſt, -which, may 
be gathited, and ſer down in fuch a Table 45 this which followerk; _ * 
ercin I have ſet down the Diſtances for '{everal Declinatiors,, for 
It g2.-30 ms. for 16:gy. 55/49, for '20 gr. 12 w. for 21 gr, 41 m9. and for 
the Declinacion of che Tropick 23 gr. 30». which may be applied rathe 
ke Declinationsin all Meridian and dire& Polar Planes. 1 
in the former Example of rhe Polar Plane, where B'C the height 

of the Style is-found. co be 1 Inch 61 cent. if, icwererequired to find)the 
diſtatce herween- B the top of the Style , -and ther Poims wherein the 
Hour-lines of 7 in the Morning or 5 Afternoon do croſs the 'Equator 
(which diſtances I called che Secants of thoſe-Hours) either you may ex- 
rend the Compaſſes from che Sine of 35. gr. the Complements of the 
Hour from theSubſtylar, unto the Sine of 90.gr. fo the ſame extent will 
reach in the Line.of Numbers from -1, 61 the leogth of the, Style, unto 
6. 21, according to the former Canon; Or elſe youmay make uſe of, the 
following Table, extending che Compaſſes in the Line of Nambersfrom. 
10, 06 the length of che Scyle in.che Table,. unto x, 61 che length ot che 
Style belonging o your Plane ; (© the ſame extent ſhall reach from 38, 64, 
the Secant in the Table, unto 6. 21, and ſuch is your Secang required, 
the diſtance betweeu the cop of the Style and-che point 0 ImelRon. 
wherein the fifth Honr-line from the Subſtyfar doth croſs" the Equacor, 

Again, the ſame extent will reach from 16. $6 the diftance in the 
Table belonging to the fifth Hour-line between the Equator and the Pa- 
rallel of 15 gr. 30 we. declination, untg 2.70 forthe like diſfanceupon 
ay 4704 ; and fo for the reſt, which may be gachered,* and ſer down 
ina & : es Cj 


heWehi'y be Trp 


of. | : ESE DS ? { 
'! Ph n,Yo. } Tang. jSecant.ſt1 3o}16 55120 12/22 41] 
4 by Gr, M; Is. PaIn. Pa.j[n.' Pa.iIn.: Pa.|In, Pa,\Tn, wo! 
.[o|.9_ 0-0, $449.00} 2.1313. 41.3 68|_3 g8| 
-:1.43 45| 06511902} 2 04| 3. OF[' 3 6ot 3 99} 
$2.30] 1 —_— og} 2:05] 3 07] 3 71] 4 01 
II 15] 1 -99fi0 26 2.07} 3 10} 3. 75} 4 Of 
tjay "of 2 6810 35|-2 T0] 3 15f 3 81} 4.12 
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: 22 3014 4|10'$2} 2 '20f. 3 29] 4 Co 430} 4 
26'15} 4 g3htr 15 2 36} 3 39] 4 24} 4 45] 4 
aſz0-_of 5 75m 551-2 34 3.71} 4 6oſ 3 
33-45] 6 68fr2z 03/2 44] 3 66 ,478\5 2 
5* 30] 7 67fr2 69 2 $6f 3 83] 4 64]'s o2| 5 4 
1s fer" r5f 8 77]t3 30] 2 7of 4 of 529] 57 
(.3{45_of10_00fr4 1412 5Y[ 4 zof y 6316 7 
| [458.4511 ,49]:F5 17] 3, 98] 4 62 6 03] 6 og 
pi bf 52 30113 "03116 43 3'534 5 00 "6 54\ 7 14 
*P © 156'15}14 97118 09],3 66] 5. 7 15] 7 83 
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| [53 ,4$[29 28[22 63] 4 60[ 
. (67 39[24 14426 13] $5 3! 
[71 15]29 4613+ 11] 6 33 
($175, 0137 32[3s 7 86 
| 1178 4515927157 26110! 4 
82 30175 96[76 61115 5 
| [86 15152 571152 g0[31 10 
| 6190 o| Infin. |[nfio, [Infin. 


” TheTangents and Secants in the chird and fourch Columns of this Ta- 
ble are taken our of the Tables of the Natural Tangents and Secants, ac- 
cording to the Degrees and Minures that are in the ſecond Column of 
chis Table. ; 

That done, and the Equator drawn as before, if you would draw che 
Tropicks in che Polar Plane, look into the Table, and take 70 cent. our 
| of the Line of Inches, and prick them down in the Subſtylar, on either 
fide of che Equator, and ſo 725et. on che firſt Hour, and mo the 
econJ 


ad {irales of DS 


ſecond Hour, and ads . | Secan, | Trep; 
90 cent. co the fifth Hour | Hours, | tap 2.\ln, Pa.jln. Pa LO 
frem che Subſtylar , and 12 * Jour 42 - Giſo 70 
the reſt of theſe Diſtances [rx 431k? 63/0 72 
. on their ſeveral Hour-lines; * [ro 93 f<' 85/0 8o 

. *and then draw a crooked 9 61/2 * 2719 o9 
Line chrough all cheſe o 4150 793 2211 40 
Points, ſo as it makes no Z | | 00's 2112 70 
Angles, the Line ſo drawn TTY 7? 


ſhall be che Tropick required. In (on you ay draw any other 
Parallel of Declnation. | 


S_—_ A. ——__—_—_—___—__S OA. 
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To deſcribe the Ti -plely, and other Cipcleh # Decliation, i ſuch a Plane 
as is neither EquinoBtial wer —_ *' .. 


lk Planes neicher EquinoQial nor Polar, the Equaror will be a Right 
Line, che Tropicks agd other Patallels of Declinatiag,will be Conical 
An = of chem .piraþolica  lome elprical , biie\moft of them 
yperbolical. | \N 
To find the Points of InttrſeQion off theſe Parallel with the Hour- 


lines, we are to conſider, 


rug The. po of (the Axis of the Style. in el aud ao, of 


Secondly, The hight of the 8 Sel aboreche Phang, 

Thirdly; The Angles at the Pole berween' the A cit bY he 
Hour-circles. -; 

Theſe being known, will help us co find, firſt, the Angle berween the 
Axisand che owbog ag. the. Panel 3 2nd then che diſtance berwera che 
Center and the Parallel Jos heſema be repuiepeed, in this manger, 

Lex the Triavgle A B Cbe made equal to the Sgt by longi our 
Plane, AC the Subſtylar, B C the Axis of the. Style, AB ao et | 
the Style perpendicular to the Plane. Then having drawn the Line BD 
perpendicular ty the Axis on che Center B, and av a os BD, 
deſcribe an occule Ark of a,Cirgle, and therein inns a Chord'of 23 gr. 


30». from D ano T, on of che Lines; wich ſuch ocher incer- 
mediate Declinations 23 m CPL to þ Hrs: ; 


onthe Plan ; ſo rhe Per- 
z; Ppendiculor 
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peridicalar B D (hall be the Equator, and BT the Tropicks, 4nd the 
other intermediate Lines che Parallels ef Neclinaton. Wherefore you 
may take out the diftance CV from che Center to the Equator,/ and prick 
ic down oh the Subſitylar of your Plane from the Center ar C unto V ; 
ſo. the Line drawn through 1, perpendicular co your Subſtylar, ſhall be 
the Equaror of your Plane. OTE Og 
 'Thar done; take che diſtance of cach Houx line berween che Center 
and che Equator of your Plane, and prick them down in the Equator of 
this Figur , from che Center at C, noting the place where they croſs the 
Equator,with the Namber belonging to the Hour, and drawing tHe Hour- 
linesfrom C, through the Lines of Declination, ' » ot 

Or, h ing che Seffor, you may draw an'occulr'Line C E, perpendi- 
cular to t ay BC, wif | cherein prick down the Tangetir of theheighe 
of che $tyle above che, Plane, from'Cunto'E: Then draw the LineE-F 
parallef tothe Axis,' ctbffing he 'Subſtylar produced' in che point F; this 


Line 


: "pd Cireles of Dighinution. \_ | W 
Line E Þ will be the Line of Sines upon the Se&or, and therein you may 

rick dqwz the Shes of the Complement of the Angles ar the Pole from 
Ec 4 _Powucs thraugh-che Lipcs 
of Declinati6nz-ſo_ the Angles at C, between the Axis B C and choſe 
Hour-lines, ſhall be the. Angles berween the Axis of your. Style «#nd\the 
Hour-lines in your Plane ; and the ſeveral Diſtances berween the Poing C 
and the Lines of Declinacion, ſhall give you the like Diſtances berween 
the Center and the Parallels of Declination upon the Hour-lines in yqur 


% 


Plage, Upon this ground it followeth, 
1, To proportion the Style unto the Plane. 


Conſider the height of che Style above the Plane, and che length of 
the Subſtylar berween the Center and the Place which you intend for the 
Tropick, If ic be the Tropick which is fartheſt from che Center, add 
T13gr. 30 mn. if the nearer Tropick, add 66 gr. 30m, unto the height of 
the Style, the Remainder nnto 180 gr. ſhall give you the Alcitude of the 
Sun above the Plane, when he comerh to that Tropick. As in gur Lati- 
tude, the height of the Style above an Horizontal Plane is 51 gr. 30 us. 
add unto this 113 gr, 30 #, the ſum is 165 gr. which being caken our of 
180 gr. the remainder will be 15 gr. and ſuch is the Alcicurde of che Sun 
above this Plane when he cometh co be in the Winter-Tropick : Bur if 
ay add 66 gr. 30 m. unto FI gr. 30 m. the remainder to 180 gy, will 
_ gr. And ſuch js the Altitude of che Sun in che Summer-Tropick, 

ern, 


A1 the Sine of 66 gr. 30 m. 
to the Sine of the Suns eAltitude : 
So the Length of the Subſtylar Line, 
to the Length of the Axis of the Style. 

As in the fiſt Examples of che Declining Vertical, where che neigh 
of the Style was found to be 34 gr. 33 mm. and ishere repreſented before, 
pag, Z1. by the Angle BC & ; add to this height 1x13 gy. 30 mv. for the 
Angle CB &, the ſum will be 148 gr. 3 #4. and che rumainder to 180 gr. 
will be 31 gr. 57 m.and ſuch is che AngleB S C of the Alcicude of the 
Sun above the Plane, when he cometh to be in the Tropick of S, which is 
here che fartheſt Tropick from the Center. - | | . 

Then ſuppoſing the-lengih .of the "Tv 6 an berween the wy 

L1 8 
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and the Place which is fic for the fartheſt Tropick, to be about 21 Inches, 
extend the Compaſſes from the Sine of 66 gr. 30 #. unto the Sine of 3 1 gr. 
57 ms. the ſame extent will reach in the Line of Numbers from 21 unto 
22.11, and ſothelength of che Axis of the Style ſhould be 124nch.1 1 cent. 
Or ic may ſuffice ro make it juſt x2 Inches, as a more cafie ground far the 
reſt of the Work. . 

+ . Butif it were required to proportion the Sryle unto the Plane, ſo as ic 
may caſt the Shadow to the full length of che Subſtylar-line ac all cimes of 
che Year, you may then conſider the Sun in the Tropick,which isto be ſer 
- meareſt- unto the Cencer, and add 66 gr, 30. unto 34 £79 33 w. lothe 


aud Circles of Declination. 67 
remainder unto 180 gy. will be 78 gr. 57 w. And if you extend the 
Compaſſes from the Sine of 66 gr. 30 #9. unto the Sine of 78 gr, 57 ws. 
the ſame extent will reach in che Line of Numbers from 21 unto 22, 47 
for che length of che Axis of the Style. 


2, Having the length of the Axlr, and the beight of the Style above the 
Plane, to find the length of the Sides of the Style. 


The Style of a Plane neicher EquinoRial nor Polar, may be eicher a 
ſmall Rod of Iron fer parallel to the Axis of the World, or perpendicu- 
Har to the Plane, or elſe a thin Plate of Iron or Braſs, made in form of a 
ReQangle Triangle B A C, with the Baſe B C parallel to the Axis of che 
World, the Side A B perpendicular to the Plane, and the Side A C che 
ſame with the Subſtylar-line z wherein knowing B C, and the Angle 
BAC, 

eA's the Sine of 90 gr. 
to the Length of the eAfxis : 
$0 the Sine of the my of the Style, 
. 80 the Length of the. Perpendicular Side : 
And ſv the Co fine of the Height of the Style, 
3o the Length of the Subſtylar fide. ; 


Thus in the former Example, the lengrh of the Axis being (appoſed to 
be 12 Inches, and the height of che Style 34 gr. 3 3 w. Extend the Come 
paſſes from the Sine of go gr. (or elſe trom the Sine of 5 gr. 45 mw.) unto 
I2 inthe Line of Numbers, the ſame extent will reach trom che Sine of 


34 gr. 33. unto 6,80 in the Line of Numbers, for the lengeh of che 
r_— Side ; and from the Sine of 55 gr. 27 m.unco 9.88 for che 
ength of che Subſtylar fide, 


3. To find the Diſtance between the Center and the Equator upon the Sub- 
ſtylar Line. 


This is here repreſented by C'Y, and may be found by reſolving the 
ReAangle Triangle CB Y. 


As the Sine of the Height of the Style, 
is to the Sine of 90 gr. 
$0 the Length of the Air, 


Tothe Diſtance of the Equator from the Center, 
Iiiz Extend 
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Extend the Compafles from the Sine of 55 gy. 27 ms. unto the Sine of 
gO gr. the ſame extent will reach in che Line of Numbers from 1 2 unto 
£4.17. Wherefore if you take 14 inch, 57 cent, and pricking them 
down on your Subſtylar-line from C unto Y, draw a Line through Y, 
ang the Subſtylar at Right Angles, che Line ſo drawn ſhall be che 
quatore | 


4+ To find the Angles contained between the Equator and the Hour-lines 
upon your Plane, 


Theſe Angles made by Y* and the Hour-lines are Complements of thoſe 
which are at C, berween B C the Axis and choſe ſeveral Hour-lines, and 
depend upon the Angles at the Pole, berween.che proper Meridian and che 
Hour-circles, | 


As the Sine of 90 gr. | 
to Co-fine the Angle at the Pole : 
80 the Co-tangent of the Height of the Style, 
to the Tangent of the Angle between the Equator and the Howr-line: 


In our Example the height of the Style is 34 gr. 33 m, and the proper 
Meridian fallech to be the ſame with the Circle of the ſecond Hour after 
Noon; whereupon the Angle at the Pole, between this proper Meridian, 
and che Circles of the Hout of x on the one ſide, and 3 on the other (ide, 


will be 15 gr. So between this Meridian and the Hour-circles of +©-and / 2_ 


4, the Angle will be 3o gr. &c. as in the Table, dj 
| = An. Þo.[Ar. Pla. An. tq1 ; BAY S|C ud 
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Tf then it be required co find the Angle which the Honr-line of 4 afcer | 
noon doth make with: the Plane of the Equator, that is the Angle C 4 B, 


contained 


ant Circles of Dechnatos O 
contained between the Hour-line C 4 and the Line B 4, drawn from the 
rop of the Style ugto the InterſeQtion of the Hour-line of 4 with the 

Uatore 

Extend the Compaſſes from the Sine of go gy. unto the Sine of 60-gr. 
the Complement of the Angle at the Pole, the ſame extenc will reach from 
the Tangent of 55 gy. 27 mw. the Complement of the height of che Pole, 
unto the Tangent of 51 gr. 30m, and ſuch is the Angle C4B in the 
Diagram, 

Or in Croſs-work, if it were required to find the Angle C 9 B, look 
into the Table for the Hour of 9, and there you ſhall-find che Angle at 
the Pole to be 75 gr. and if you extend the Compaſſes from the Sine of 
go gr. unto the Tangent of 55 gr. 27 me. the ſame extent will reach from 
che Sine of 15 gr. the Complement of 75 gr. unto the Tangent of 20 gr. 
36 mw. and ſuch iscthe Angle C 9 B, made at che Equator berween the 
Line B 9, drawn from the cop of the Style, and the Hour-line C 9g, drawn 
from che Center. The like reaſon holdeth for the reſt, which may be 
found and ſer down in a Table : Then may you eicher draw theſe Angles 
at C in the former Figure more perfeAly, and chence finiſh your Work, 
oxelle proceed, 


$. To find the Diſtance between the Center and the Parallels of De- 


clination. 


The Diſtances berween the Center and the Parallels of Declination 
may be fund by reſolving the Triangles made by the Axis B C, the Lines 
of Dcclinarion, and che Hour-lines. For having the Angles at the Equa- 
tor, and knowing the Declination ef che Parallel, if che Parallel ſhall 
fall berwecn che Equai« r and che Center, add che Declination unto the 
Angle at the Equat-r: or 1f it (hall fall without the Eqaaror, take the 
Declination our of the Angle at the Equator, fo ſhall you have the Angle 
at the Parallel. Then, | 


As the Sine of the Angle at the Parallel, 
to the Co-fint of rhe Declination : 
So the length of che Axis of the Style; 
tothe Diftance Letween the Center and the Parallel. 


Thins in our Example,the Angle at the Equator belonging to the Hour 
of 4 after-noon was found before to be 53.gr 30 ww- if you- would find 
te: 


the diftance between the Center and the Equator, extend the Compaſſes 
from the Sine of 51 gy. 30s. unto the Sine of go gr, the Complemenc 
of the Declination, the ſame extent will reach in the Line of Numbers 
from” 12 unto t 5. 33, and: ſuch is the diſtance upon the Hour-line of 4 
betwecn the Center and the Equacor. | 

If you would find thediſtance upon this Hour-line between the Center 
ahd che innet Tropick, whoſe Declination is known to be 23 2r. 30m. 
add the Declinacien ro the Angle at the Equator, fo the Angle at the Pax 
rallel will be 75 8” wherefore extend the Compaſles from the Sine of 7 5 py, 
unto the Sint of 66 gr. 30 w. the Complement of the Declination, . 

-ſameextent will reach in the Line of Numbers from 12 unto 11, 40, and 
ſuch is the length of che Hour-line of 4 berween the Center and the Tro- 
ick of wp. 
; If youwould find the diſtance upon this Hour-line berween this Cen- 
ter and che Tropick of $, which 1s here the fartheſt from the Cenrer, 
rake the Declination out of the Angle atthe Equator, ſo the Angle at the 
Parallel will be 28 or. wherefore extend the Compaſſes from the Sine of 
28 unto the Sine of 66 gr. 30m. the ſame extent will reach in the Line 
of Numbers from 12 unco 23.44, and ſuch is the diſtance between che 
Center and Tropick of S upon this Hour-line of 4. The like reaſon 
holdeth for all che reſt, which may be gathered and ſer down in a Table. 

That done, and the Equator drawn as before, if you would draw the 
Tropick of &, loek into the Table, and there finding under che Title 
C &S the diſtance of the Subſtylar berween the Center and the Parallel of 
'S to be 20 inch, $0 cent. take 20 inch. $0 cent, out of the Line of Inches, 
and prick them down in the Subſtylar of your Plane from C unto &. 

Or if either the Center fall without your Plane, or the extent be coo 
large for your Compaſles, you may prick down the difference berween 
CyandCs: As here the diſtance C y} between the Center and the 
Equator is 14. 57, the diſtance C & 20. 80, the difference 6. 23, There- 
fore taking Y* 6 inch. 23 cent. prick them down on the Subſtylar from 6 
unto-S, and you ſhall have the ſame Interſe&ion of the Tropick and 
the Subſtylar as before : And the like reaſon holdech for pricking down 
of the reſt of theſe Diſtances on their ſeveral Hourslines, 

Then having the Points of Interſe&ion between the Hour-lines and the 
Parallel, you may joyn themall in a crooked Line, without making of 
any Angles, the Line ſo drawn ſhall be the Tropick required, And after 
this manner you may draw any other Parallel of Declination, whereof 
you have Examples in moſt of the former Diagrams. - 

HAP, 


and Cirthes of Dechaation- 


CHAP. XIV. 
To deſcribe the Parallels of the Sines in any of the former Planes. 


He Equator and the Tropicks before deſcribed do ſhew the Suns en- 
trance into 4 of the Signs ; the Equator into Y* and x, the one 
Tropick into &, and the other into vp : The reſt of che intermediace 
Signs will be deſcribed in che ſame manner as the Tropicks,if firſt we know 
their Declination. | 
The manner of finding the Dectination , not onely of the beginning 
of the Signs, but all ocher Points of rhie Ecliptick, is before ſer down in 
2 Prop. Aſtronomical, by which you may find the Declination of che be- 


ginning of 5, M,andm, XK to be 1 Igr- 30 #s. andof Il, RA. # and aw 
et 


to be 20 gr. 12 9. If thenyou inſcribe the Chords of 11, gr, 30 w. and 
of 20 gy. 12 »», into the former Figure B DT, page 64. from D toward 
T, the Lines drawn from B through the Terms of theſe Chords ſhall be 
the Signs ——_ b 

And with theſe Declinations, the heighr of the Style, and the length 
of the Axis, you may find the Angles at the Parallel, and chen the Di- 
ſtances berween the Center and the Parallel, which' being pricked down 


upon the ſeveral Hour-lines, thall give you the Points of InterſeRion, by. 


which you may draw the Parallels of the Signs, as in che Figures belong» 
ing to the Polar Planes; 


*- 


— I—_- 


C H A P. XV. 
To deſcribe the Parallels of the length of the Day in any of the 


former Planes. 


He length of the Day will always be {12 Hours, when the Sun 
cometh to be in the Equator, and this holderh 19 vll Laritudes : 
but ar other times of che Year the ſame place of che Sul will nor give the 


ſame length of the Day in another Latitude 3 wherefore the Latirude be-- 


zng known, we are fuſt, = | 


"+ 


Fe Pardllels of the levgth of the Day? 
To find the Declinatien of the Sun agreeing to the length of the Day. - 


Conſider the difference between the lengrh of an EquinoQtial day, and 
the day propoſed, and turn the time jato Degrees and Mimucess 


As the Sine of 90 gr, | 
irto the Sine of half the diff.rence : 
So the Co-tangent of the Latitude, 
to the Tangent of the Declination. 


As if che length of the Day propoſed were 15 Hours, the difference 
between this and an EquinoQtial Day (whoſe lengch is always 12 Hours) 


would be three Hours(which make 45 gr.)and the half difference is 22 gr. 
3 w. Wherefore extend the Compaſſes from the Sine of 90 gr. unto the 
angent of 38 gr, 30 w. the Complement of the Latitude, the ſame ex- 


tence 


Parallels of. the length of the Day. 73 
tent wiltreagh from che Sine of 22 gr, 30'mv. untothe Tangent of 16 gr, 
55 ms. for the Declination of the Sun ar ſach cime as the lengrh of che 
Day is cicher 9 or 15 Hours ; and from che Sine of 30 gr. unto the Tan 
gent of 21 gy. 40 ws. forthe Declination belonging to $ or 16 Hours; and 
from che Sine of I 5 gr, unco the Tangent of 11 gr. 38 wv. for the Decli- 
nation belonging to 10 or 14 Hours; and from the Sine of 7 gr. 30 mw. 

- unto the Tangent of 5 gr, 56 a, fot the Declinacion of the Sun when the 
lengch of che Day isercher 1x or 13 Hours, 


i —_— 


y 
IT 
d - 


If then you in{crib2 the Chords of theſe Arks into the former Figure 
BDT, thc Lines drawn from B chrough ig Terms of. theſe Arks (hall 
K k be 


24 "Unequal Planetary Hours. - 
be the Lines belonging to the Dijurns! Arks, and the ſevewal Diſtances 
berween them and the Point C, give the like Diſtances between the Cen- 
cet and the Parallels of the lengch of the Day upon the Hour-lines in 
your Plane; © | 

Or-comiparing theſe Angles of Declination with the Angles at the 
Equator, yon may have the Angles at the Parallel, and then find the 
Diſtances between che Center and che Parallel, which being pricked down 
upon the ſeveral Hour-lines, ſhall give you che Poinrs of InterſcRion, by 
which you may draw the Parallels of che length of the Day , whereof 
yau 1 Dragrem ne tO-2n Horizontal 
Phnci ... And by. the. (ame reaſon you may draw the Parallels 
of thoſe Circteso which the Sun is Vertical, che Parallels of the princi- 
pal Feaſt, or what clſedepends on the Declination of the Sun, | 


—_ ———_ 
—_ Mp 


—  —— 
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CHAP. XVI. 
To draw the Old Unequal Honr: in the forme Planes.” 


FF was the manner of che Ancients to-divide che Day into x2 equal 
Hours, and the Night into 123 other equal Hours, and ſo the whole 
Day and Night into 24 Hours, Of theſe 24, choſe which belonged 
unto the Day were either longer or ſhorter (excepting the two Equinos 
Rial Days) chan thoſe which betSnged unto che Night; and the Sum- 
mer Hours always longer than che Hours in the Winter, according to the 
lengchning of che Days, whereupon they are called the Old Unequal 
(and by ſome che Planetary) Hours, 

To expreſs theſe in the former Planes, firſt draw the common Hour 
nes, che Equator, and the Tropicks, as before: Then deſcriberwo oc. 
culc Paralcls of che lengtli of the Day, one for. 9 Hours, the other for 
15 Hours, for ſo you. may draw a ſtraight Line for the firſt unequal 
Hour chrough 5 ha 45 ms. in the Parallel of 15, and through 8 ho. 15 w. 
in the Parallel of 9, This ſtraight Line Thall paſs direAly through 7 ho, 
© . inthe Equator, and ſo cutoff a cwelfth part of the Arks above the 
Horizong both from theſe ewo Parallels and the Equatorz and being 


continued 


_ errour, 


continued unto the Tropicks, 'it ſhall 
alſo cut off about a rwelfrh 


them, and all che 42 of the-Pa; fc ' 


ty: {ou 


— 
wa 


of Declination , 
wm 


In like: manner you tray draw-the 


ſecond __—_— Hour through 4. howr” 


el of 5, through 8 Baur 


ugh 9 how 


in = Paralle ; 
in the tor, an 
in the pee of 9,, 
as in this Table, * 

And of theſe unequal Hoiirs you 
have a further wo in ie Dia- 
gram belonging to the Polar Declining 


P lane, | 


d ſoin the re 
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ES Mours from Sur-rifing and Sur-ſetting. 


4s —_ 4 EI a_ 
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On wp 


, CHAP. XVII. | | 
To draw the Howrs from San-riſing and Sun-ſctting in the former Planes. 


TO know how many Honreare paſt ſince the Sun-rifing, or how ma - 
K ny remain to che Sun-ſetcing, firft draw the common Hour-lines, 
the Eqtiator, and the .Tropicks, as before ; then deſcribe two occult Pa- 
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rallels of che length of the Day, one- for 8 Hours, and the ocher-for 16- 
Hours : For ſo you may draw the firſt Hour from the Sur-rifing through” 
' the common Hoursof gin the Parallel of 16, of 7:in the Equator, .and 


' of 


To draw the Horizontal- line? FF 
of 9 in the Parallel of 8. In like manner, the ſecond Hour from Sun- 
riſing, chrotigh the common Hours of 6 in the Parallel of 16, of 8 inche 
Equacor, and of 10 in the Parallel cf 8, And ſothereſt intheir order, 

The firſt Hour before Sun-ſerting, or the 23 Hour from the laft Sun- 
ferting, may be drawn in like ſort, through the common Hours of 3 »fter- 
noon in the Parallel of 8, of 5 in the Equator, and of 5 in the Parallel of 
x6. The ſecond Hour before San-ſerting, or the 2 2 Hour after the laſt 
Sun- ſetting, through the common Hours of 2in the Parallel of $8, of 4 
in the* Equator, and of 6 in the Parallel of 16: And fo the reſt in the 
like order, whereof you have another Example in the Diagram belonging 
ro the Declining Vertical, 


- 


CHAP, XVIII. 


To draw the Horizontal-line in the formev. Planes. 


He common Hour-lines do commenly depend on the ſhadow of e<. 

, Axis; but che Parallels of the Signs, and of the lengch of the Day, 

the Hour-lines from Sun-rifing and Sun-ſerting, wich many others, de- 

pend on the Shadow of the top of the Style, gr ſome other Point in the 

Axis, which here fignifieth the Center of the World, and is repreſented 

by the Poine B, And theſe Lines fo depending are chen onely uſeful; 
when they fall berween the two Tropicks, and within the Horizon, 

There may be ſeveral Horizontal-lines drawn upon every Plane, as I 
ſhewed before in finding the Inclination of a Pladez. but che-proper Hori- 
zontal-line,which is here meant, muſt always be inthe ſame Plane with B 
the rop of the Style z ſo that in an Horizontal Plane there can be no ſuch 
Horizontal-line : but in all ocher Planes ic may be found by applying the 
Horizontal Leg of che SeRtor unto the top of the Style, and then working 
as before; and the InterſeRion of this Line with the Meridian or-Subſty- 
lar-line may be found by Proportion, 


I. Ts find the Interſeitlon of the. Horizon with the Meridian in an Equi- 
nottial Plane. 


eAs the T angent of 45 gr. 
to the Tangent of the Latitude : 
$0 4s the Height of the Style, 


jo the Diffance between the Style and the Hwrizont al-lipe. 


As. 
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78- Te dr aw the Horizantel-Jints 
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As in the Example of che former EquinoQtial Plane, extend the Com- 
paſſes from the Tangent of 45 gr unto 51 gr- 30 mw, the Tangent of the 
Laithde, the ſame- extent will reach in the-Line of Numbers from 51 
the length of che Style, unto 66, and ſuch is the Diſtance berween the 
Scyle and che Horizontal-linc : Wherefore I take 66 parts our/of a Line 
of Inches, and prick them dewn in the Meridian-line from C unto H 
above the Style in the upper Face, but below the Style in the lower Face 
of the Plane ; ſo a Right Line drawn through H, parallel co the Honr of 


6, ſhall be the Horizontal-line, Þ 
2. To fird the Interſeftion of the Horizon with the Meridian in a Direft 
: Polar Plane. , 
Ar the Tangent of 45 gr- 


to the Co-tangent of the Latitude : 
So the length of the Style, 
ts the diſtance between the Style and the Horizontal-line. 


As in the Example of the former Polar Plane, extend the Compaſles 
from the Tangenc of 45 gr- unto the Tangent of 38 gr. 3o w. che Com- 
lemenc of che Latitude, che ſame extent will reach in the Line of Nume 

from 1, 62 che length of che Style, unto 1. 28, and ſach is the di- 
Nance upon the Meridian berween the "_ and che Horizontal-line. 

In all upright Planes, whether they be DireR, Vertical or Declining, 
or Meridian Plane:, the Horizontal-line muſt always be drawn through 
A the Foot of the Style,, as may appear in the Examples before, 

- And , in all Planes whatſoever, the Horizontal-line muſt be 
drawn « h che Interſe&ion of the Equator with the Hour of 6. Or 
if chat InterſeRion fall wichout the Plane, yet if any Arks of the length 
of the Day be drawn on che Plane, the Horizontal-line may be drawn 
through cheix InterſeRions with the Hours of the Suns riſing or ferrings 


The Deſcription of the Vertical Circles, "70 


A | CHAP, XIX, 
To deferibe the Vertical Clreles in the former Planer, 


He Vertical Circles, commonly caNed+ Azimutchs, arc Great Cir- 

cles drawn through the Zenich, by. which we may know in what 

part of the Heaven the Sun is, how far from the Eaft or Weſt, and how 
near unto the Meridian, 9 oo þf TE 
} In all upright Planes,” whecherthey be Dire® Verticals, or Declining, 
ot Meridian Planes, the Semidiameter of the Horizon will be the ſame 
wich A-B*che perpendicular fide of the Style, 3nd cheſe Azimuchs will 
be Parallels one torhe' other, and the diſtance of each Azimuch from the 
Foot of the Style upog the Horizontal line, may be found 5a chis mar 


_ gt a ET. % Fl 

"Conſider thi leagth of theStyke- in Inches and parts of Tnches, "ad 

the diſtaute of each Azimuth from the Style, according to the Angle ar 
che Zenith in Degrees and Minutes. | 


At the Tangent of 45 gr. 
to the T angent of dzimmnth : . 
Ss the tength- of the Style, 
to the length of the Hirlz.qntal-line between the Style aid the 
Azimmh. | 


As if it were required co draw the common Azimuchs on the Sourh 
Face of the Yerrical Plane before deſcribed, where A B the length of the 
Style may be ſuppoſed to be To Tnches, 

. Here the Plane having no declination, the Style is in the Plane 
| of the Meridian, and fo pointeth direfly into the South, . The 
Point of SbE is 11 gr. 15 w- diſtant from che Style, and $$ E 
22 gr. 30 w, and the reſt-in cheir order: Wherefore extend the 
Compaſles from the Tangent of 45gr. unto 16 in the Line of Num- 


bers, the fame extent, will reach from the Tangeatr-of 11 gy, 15 1 
| reato 


—— — —  — —_—_— -— 


- AS A+ Ae SAY At ES AS AH ne Ie $4 Lee vs. 
*"* 
| 
” 


_——— 


The Deſcription of the Azimuths} 
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go ©.Infinir, 


—n————_—_— 
An, Zen. | Tang, 


. toward 


1 


'unto T, 99 in the Line of Numbers for 


the length of the Tangenc-line, between 
the Style and the Point Sb XZ; and 
from the Tangent of 232 Lig 20 m. unto 
4- 14 for SS'E: And 1o for the reſt, 
as in this Table. 
In like manner, in the firſt Exam. 
ple of the Declining Plane , where-the- -. 
Style Randeth according to the Declina- 
tion 24'g7, 20 ws. diſtant from the South 
. Weſt, the next gy Sh 

SbW 


-'" apo a ThcKning PHE * Fx: 


SbWis but 13 gr. 5 . diſtant from the pay 
Style ; and the ſecond of $$ onely 1 gy. _ = |_| 
om. and the third of SWbS is again [—— TE — Wu... 
9 gr. 25 m. and the reſt in their order, | © £19 35+ oor 
Wherefore having before fonnd the length | E, 192 20/18. 03 
of the Style ro be 6 Inches 86 parts, ex- |\ £98 58 '"5j10 B91 
cend che Compaſſes from the Tangene of | FE [46 5of 7 25 
45 gr. unto 6, 80. parts in the Line of |5*#© |35 33] 4 86 
Numbers, che ſame extent will reach from |599%6 [24 20] 3 o7 
the Tangent of 24 gr. 20 m. unto" 3.07 in” Saw [13 $}z 58 
the Line of Numbers, for the length of SSW | 1 yoſo 22 
the Tangemc-line berween the Style and che lp Foot of \the Style 
South ;'. and from che Tangent of 13 gr. SWbS| 9 25/1 13 
5 *. unto I. 58 for the Pojac of SbW:; SS |20 40{2 y7 
and ſo for the reſt, as in this Table. SWhW[3! y5| 4 -24 
Thar dong; if-you take theſe Parts ous [7 [43 10) 6 37} 
of a Ling of Tuches,end prick them down ÞF.5F [54 25] 9 50} 
in the H6rizontal-line on either fide of the |Y*F __ |*5 49 | 5 as 
+: br 


Style', drawing Right Lines perpendicular 6 N 76 J5 
ro th Hey h cheſe Fnerſe 10NS, , NY AG 
but Þ as they — contained bery £ fi Wa! Lo 
the Horizontal and the'Tropitks, th / ſoUrawn ſhall be the Azi- 
muths required, WY PS 

In an Horizantal Plane'theſe Aziowithsare drawn more eafily : For 
here the perpendicular fide of the Styles the fatne with the Axis of che 
Hornon, and che Foot of the Style is the Vertical Point, in which al 
the Azimuth-lines Jo meery/ as their Circles do in the Zenith : Where- 
fore let any Circle deſcribed pn the Center A, at the Foot of the Style, be 
divided fiſt into Co beginning at cthE-Merjdian ; and then each 
quarter ſubdivided eicher , into cight equal parrs, according to the Points 


of che Mariners Compaſs, or into 90 gr. according to the Aſtr ical 
divifipe3 if you draw Right Lines chrough the Center and thefedwvide 


ons, Lungs (odraxca-thall berhs Azimuitarequired, to 
In all ocher Planes inclining to the Horizan, theſe Vertical Circles will 


meer in a Point ; but that Vertical Point being more or leſs diſtant from 
the Foot of che Style, che Angles at chis Point will be unequal, 


"Lit 


"= The Deſwriptian of the Azimuths 


I. To find the diſtance between the Feet of the Style and the Vertical 
. - Potut. 


The Vertical Point, whercin all the Vertical Lines do meet, will be al- 
ways in the Mcridiao,direQly under or over the top of the Style; and the | 
Angle berween the perpendicular fide of the Style, and che Vertical line, 
will be equal co the Inclination of the Plane to the Horizon, Wherefore, 


. efithgT angent of ' 45 gr. 
to the T angent of the Inolination of the Plane: 
$0 4s the length of the Style, 
89 the diſtance between the Foot of the Style and the Vertical Point: 


> 1 | ; 7 Thus 


Pg 


- won Mchinins Plane! 3 

Thus in the firſt Example of che Declining Indining Plane, where the 
ripper Face of the Plant looking South-wellty che Dectifation was 24 py. 
20 wv. the Inclination 36 gy. and yort ppolt A B'rhe length of che 
Style to be 6 Inches ; if you extend the paſſes from the Tangent of 
45 gr. unto the Tangent of 36 gy, the ſame extent will reach in the Line 
of Numbers from 6,00 unto 4. 36, for the diſtance A V, berwecn A 
the Fogt of the Style and V the Vernical Point? 


2, To find the diff ance between the Fort of the Stylt and the Hirizontal- 
line. | 


At the T angent of the Inclination of the Plane, 
ii tothe T angent of 45 gr. 
Sd the length of the Style, | 
” to the diff ance betnren the Foot of the Style and the Hytinantal- 
line. | | | 


So the ſame extent of che Compaſſes as before will reach in the Liae of 
Numbers from 6,00 anto 8. 26 for the diftance A H between the Foot 
of the Style and che Horizontal-line, © | A 

Then may you take 4 inch, 36 cent; and pricking them down from A 
the Foot of the Style, unco V the Vertical Point inche Meridian, draw 
the Line V A, which being produced, ſhall cur the Horizon inthe Poine 
H with Right Angles, and be that parcicular Azimuth which is perpendi- 
cular tothe Plane. | F : him 

Or, you may take ineh. 26 cent. —_ ick them-down in the former 
Line V A, prodnced from A unto H, and ſo draw the Horizontal-line 
through H, perpendicular unto V H, which Harizoncabline being pro- 
duced, will croſsthe Equator in the ſame Point wherein the Equator crofe 
ſech the Hour-line of 6, unleſs there be ſome former error. 


3. To find the Angles made by the Azimath-lines at the Vertical Punt. 


The Angles at the Zenith depend on the Declination of the Plane, as 
;n our Example, where the Style ſtanderh according to the Declination 
24 gr. 20 w. diſtant fri the South coward the Weſt, the Azimath of 
10 gr, from the Meridian Eaſtward will be 34 gr. 20. ww, the Azimuth of 
10 gr. Weſtward will be onely 14 gr. 20 av. diſtant from the Style ; and 
ſo.chereſt in their order, | 


Lil z Or 


4 

Or if you would rather deſcribe the common Azimuths, the Point of 

$bE willbe 35 gr. 35 as, the Point of Sb 13 gr. 5,w. diſtanc from 
| A 


the Style ; 


ſo che reſt in their order. Th 
aA the Sine of 90 pr: © 


en, 


to the Co-fine of the [nclination of the Plane: 
So the T angent of the 
to the Tangent of the Angle at the Vertical Point, between the Line 
. draunthrowgh the Foot of rhe Style, and the Atimmth required. 
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Angle at the Zenith, 


Wherefore the Inclination of the Plane 
in our Example being 36 gy. extend the 
Compaſles from the Sine of 90. gr. unto 
the Sine of 54 gr. the fame extene ſhall 
reach mche Line of Tangents from 24 gr. 
20 ». unto 20 gr. 5 m. for the Angle 
HV a at the Vertical Point , between the 
Line V H, drawn through A the Foot of 
che Style, and che South. Again, the ſame 
extent will reach from the Tangent of 23 

.$ 9, unto 10 gy. 38 ». for the Angle 
BET. co $S bY; and fo for the reſt, as 
ia this Table. 

Theſe Angles being known, if on the 
Center V, at the Vertical Point, you de- 
ſcribe an, occulr Circle, and therein inſcribe 
che Chords of theſe Angles from the Line 
V H, and;then draw Right Lines throogh 
the Vercical Point, and the Terms of thoſe 
Chords, the Lines {0 drawa ſhall be che 
Azimuchs required. 


The-like reaſon holdeth for. the. drawing: of che Azimuths upon all 
other Inclining Planes, whereof you have another Example in the Dia- 
gram belonging tothe Meridian Incliner, as before. 

Or, for, further ſatisfaftion you may find where each Azimuch-line. 


{hall croſsche Equator, 


At the Sint of 90 gr. 
to the Sine of the Latitwae ; 


upon au Inclining Plane. 35 
So the —_— of the Azimath from the Meridian, 
to the T angent of the Equator from the Meridian. 


Extend the Compaſſes from the Sine of go 4 unto che Sine of our 
Laticude 51 gr, 30 »». the fame Extent will reach in the Line of Tangents 
from 10 gr. unto 7 gr. $0. for the InterſeRion of the Equator with 
the Azimuth of 10 gy. from the Meridian. * Again, the ſame exten will 
reach from 20 gy. unto 1 5 gr. 54.ms. for the Azimuch-of 20 gr, And (o 
the reſt, as in theſe Tables. 


Azim, | Equat, eAzim. | Equat, | 
Gr. M. | Gr. M, Gr. M. | Gr. M.]  , 
flo Oof| 7 50 2 1s Fi{-- 8, 
20 Oln5 54 22 30|18 58 
30 o{f24 20 v3 at | 27 36 
40 :o| 33 18 e135 1 
$0 00143 © 56 15 | 49 30 
60 ©-'[ 53 - 35 67 30 [oa 6 
TT one 143 78 45 175 44 4 
8 ol|77 18} go © | 90 : 
oo o [90 © 


+ By which you may ſee that the Azimuth 90 gr. diſtant from che Meri- 

dian, which is the Line of Eaſt and Weft, will croſs the Equator at go gr. 
from the Meridian, in the ſame Point with che Horizonta-line and the 
Hour of 6: and that the Azimuth of 45 gy. will croſs the Equator at 38' gr. 
2 ».. from the Meridian; chat is, the Line of $ E will croſs the Equacor 
at the Hour of 9 and 28 w. inthe Morning, and the Line of $S W at 2 bo.. 
32 9,in the Afternoon : And (o for the reſt; whereby you may examine 

your former Work. 


—_ 


CHAP. XX, 
Todeſcribe the Parallels of the Horiz.an in the former Planes. 


'F He Parallels of che Horizon, commonly .called Almicanters, or Pas 
rallelsof Alcitude (whereby we may know the Altirude of the Sun 

above the Horizon) have ſuch reſpe&-unto the Horizon, as the any 
Dec Q 
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Declination unto the Equator, and ſo may be deſcribed in like manner; 
In an Horizontal Plane theſe Parallels will be perfe& Circles z where- 


fore knowing the length of the Style in Inches and parts, and the diſtance 
of che Parallels from the Horizon in Degrees and Minutes, 


As the Tangent of 45 gr- 
is to the length of the Style: 
So the Co-tangent of the Parallel, 
to the Semidiamneter of hi; Circle. 


" Thus in the Example of the Horizontal Plane, if A B thelength of the 
Style ſhall be-5 Inches, and chat ic were required to find the Semidiame- 
cer of 'the Parallel of 62 gr. extend che Compaſſes from the Tangent of 
45 gr, unto 5. 00 in the Lineef Numbers, the ſame extent will reach 
from che Tangent of 2B gr. the Complement of the Parallel, unto 2.65 : 
And if you deſcribe a Circle on the Center A, to the Semidiameter of 
2 inch. 65 cent, it ſhall be che Parallel required. 

In all upright Planes, whether they be Dire Verticals, or Declining, 
or Mfridian Planes, theſe Parallels will be Conical SeQions, and may be 
drawn through their Points of Interſe&ion with the Azimuth-lines, in 
che ſame manner as the Parallels of Declination through their Points of 
Interſection with the Hour-lines. To this end, you may firſt find the 
diſtance between the top of the Style and the Azimuth, and then the di- 
ſtance berween the Horizon and che Parallel, both which may be repre- 
{enced in chis manner. 

On the Center B, and any Semidiameter B H, deſcribe an occult Ark 
of a Circle, and therein inſcribe the Chords of ſuch Parallels of Altitude 
as you intend to draw on the Plane, (I have here put them for 15, 30, 45, 
and 60 gr. ) chen draw Right Lines through the Center and the Terms of 
thoſe Chords, ſo the Line B H ſhall be the Horizon, and the reſt the Lines 

of Altitudey according to their diſtance from che Horizon, 

a Thar done, confider your Plane, (which here for example is the South 
ace of our Vertical Plane ) wherein having drawn both the Horizontal 

and Vertical Lines, as I ſhewed before, firſt cake our A B the lengch of 
the Style, and prick that down in this Horizontal Line from Buato A ; 
chen rake our all che diſtances berween B che top of che Style and the (e- 
veral Points wherein the Vertical Lines do croſs the Hotizomal, transfer 
.them into this Horizoacal-line B H, from che Center B, and at the Texms 
of rhele diſtances ereR Lines perpend:cular ro the Horizon, noting them 


with 


«pon 48 Harizontal Plane. 


with the Namher or Lettezof the Azimuch from whencethey were ta- 
key; ſo theſe Perpendiculars ſhall repreſent thoſe Arimuths, and the ſe- 
veal diſfances berween the Horizon and the Lines of Alcicnde (hall give. 
the like diftances berween the Horizontal and the Parallels of Alacude 


upon. the Azimiuthsin your Plane. Upon this ground it followech, 


1, To Pit the diftanet between the top of the Style, and the [ſeveral Prints 
wherein the Azinguths do crefr the Morizantal-line, 


Having drawn the Horizontal and Azimuth Lines 2s before, look into 
the Table by whickr you drew them, and there you ſhall have che Angles at 
the Zenith, Theo, TI 


As the (7 ſine of the Angle at the Zenith, 
is 80 the Sine 90 # . 

S9 the length of the Style, 

to the Diſtance required, 
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Ang.Ze.ſl angent 


Gr. Gr. M.|In. Pa, Pa. 


Oo 


o| © 
15] 1 
30| 4 
45] 6 
of10 
I5|14 
30/24 
45150 


O 


90 « © Infinit, 


Secant, Par. 1 5-Par. 3c 30. 
Iſa Pa.\In. © In, Pa.In, In, Pa, 
10 oo] 2 68/5 77 « 7 
I@® 20] 2 73] 5 go 
10 82] 2 go] 6 14 
$4 03] 3 23| 6. 94 
14 14] 3 80; 8 16 
18 00] 4 8210 40 
26 13j 7 0215 .08 
26[r3- 7329 6of | 


FI 7329 
Infinit. (Infinic. |Infinir. | 


up0x an Inclining Plante $9 

As in our Example of the Vertical Plane, where A B the length 
of the Style was ſuppoſed to be 10 Inches, extend _ HI from 
the Sineof 7g gr. 45 #1, (the Complement of 11 gr, 15 mv. the Angle at 
the Zenith, belonging to $b E and $SbW) unto the Sine of go gr. the 
ſame extent will reach from 10, e® the length of che Style, unto 10. 10, 
for the diſtance berween the top of che Style and the InterſeRion of the 
Azimuth $ b E with che Horizontal line, which diſtance may be called 
the Secant of the Azimuth, and may ſerve for the drawing of the Paral- 
lel of 45 gr. from the Horizon, The like reaſon holdeth for the reſt of 
theſe diſtances here repreſented in the Line BH. 


2+ To find the diſtance betmeten the Hgixzon and the Parallels. 


4: the T angent of 45 gr, 

to the Tangent of the Parallel: 
$0 the Srl the Azimmth, 

to the Diff ance required. 


As if it were required to draw the Parallel of u5 gr. from che Horizon, 
upon this Vertical Plane ; extend the Compaſles trom che Tangent of 
45 gr. unto the Tangent of 15 gr. the ſame extent will reach in the Line 
of Numbers frem 10. oo the Secant of the South Azimuth, unto 2. 6$, 
and therefore the diftance berween the Horizon and the Parallel of 1 5 gr. 
is 2 inch. 68 cent. upon the South Azimuth. Again, che ſame extenc 
will reach from 10. 20 che Secant of $b E, unto 2. 5 3, for the like dis 
ſtance belongigg to # bE and SbW: And fo for the reſt, which may 
be gathered and ſet down in the Table, 

Thar done, and the Horizon and Azimuths being drawn, prick down 
10 Inches from the Horizontal-line upon the South Azimuth,and 10 fnch. 
20 cent, on the Azimuths of Sb E and SbW, and 10 inch. $2 cent. on 
the Azimuths of 88 Eand S 8 Y, and 12 inch, 3 cent: on the Azimuths 
of SEbSandSWSHS, and (o the reſt of theſe diſtances on their ſeve- 
ral Azimuchs: then if you draw a crooked Line through theſe Points, 
that may make no Angles, the Line ſo drawn ſhall be the Parallel of 45 gr. 
from the Horizon, In like manner may you draw the Parallel of 1 5 gr. 
or any other Parallel of Alritude, upon any Vertical Plane. 

If the Plane incline to the Horizon, after we have found the Vertical 
Point, and drawn the Horizonral-line, weare farther to find the length 
of che Axis of the Horizon, then the Angles berwixt this Axis and the 

| M m na Azimuth 


PR To draw the Parallels of the Horizon 


Azimuthslines, and fo the ſeveral diſtances between che Parallels and che 
Vertical Point, all which may be repreſented in this manner, 

Oa the Center B, and any Semidiamerer, deſcribe an occult Quadranc 
of 2 Circle, and therein inſcribe the Chords of ſuch Parallels of Alticude 
as you intend <o draw on the Plane, drawing Right Lines through the 
Cearter and the Terms of theſc Chords, ſo the Line B H (hall be the Hori- 
zon, and his Perpendicular B V the Axis of the Horizon, and the reſt che 
Linesof Alticude, according to their diſtance from the Horizon. 

Thar done, conſider your Plane, which here, for example, is the firft of 
of our three Declining Inclining Planes ; wherein having drawn both 
the Horizontal and Vertical Lines, as I (hewed before, firſt take out the 
Axis of the Horizon, which is the Line berween B the top of the Style and 
V the Vertical Point, and prick that down in chis Figure from B unto 
V , then take out both the Line V H, and all che reſt of che diſtances be- 
rween V the Vertical Point and the ſeveral Points wherein che Vertical 
Lines do croſs the Horizontal Line of this Figure from the Point V, noting 
the place where they croſs the Horizontal-line, with the Number or Letter 
of the Azimuth from whence they were taken, and drawing the Azi- 
muth-lines from V chrough the Lines of the Alricude. 


\ 


ay draw an occuk Line V E, 
prick down. the Tangent of 


Or having the SeQor m 
ke tocka Ax VB, andehergin 


the —_ 
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ment of the Inclinarion of the Plane from V! unto E: then draw the Line 
E-P parallel co the Axis, croffing the Line V H produced in the Point F ; 
ſo chis Line E F will be as the Line of Sines upon the SeRtor, and therein 
you may prick down the Sines of the Complement of the Angles at the 
Zenith from E towards F, and draw the Vertical-lines by thoſe Points 
through the Lines of Alcitude ; ſo the Angles at V, between the Axis 
VB and thoſe Azimuth-lines, ſhall be the Angles berween the Axis of 
the Horizon andthe Azimuth-lines on your Plane, and the ſeveral diſtan- 
ces berween the Point V and the Lines of Alticude ſhall give the like 
diſtances berween the Vertical Point and the Parallels of Alcicude upon 
the Azimuths in your Plane, Upon thisground it followerh, 


1. To find the length of the Ari of the Horlean. 


The Vertical Point-is always eichirr direQly over or under the top of 
the Style, and «he diftaace berween thems is that which I call the Axis of 
the Horizon, which may thus be found : 


As the Co-fome of the Indlination, 

: tothe Sine of JO pr. 

So thr length of the Style, /Y 
to the length of the Axitof the Horizon. 


For example, in the faſt of the three Declining Tnclinimg Planes, the 
Inclinaon co the Horizon is 36 gr. the length of che Style A B 6 Inches; 
extend the Compaſles from the Sine'of 54 gr. che Complement of the Jn- 
clinationy unto the Sine of go gr, the ſame extent will reach in the Kine 
of Numberyfom 6. 00 unto 7. 42 z and ſuck is V B che length of the 
Axis required. 


2, To find the eAngles contained between the Horizon and the Vertical 


Lines wpon onr Plane, 


The 'Anglerat che Vertical Point between the Axis of the Horizon and 
the Azimuth-lines upon your Plane, are repreſented in this Figure by 
thoſe ar V, beeween-V Bandche Azimuths. --The Angles berweea the 
Horizon and the Azimwth-lines being Complements to the former, are 
repreſenced eicher by choſe which are'made by Y E, or by B H, and the 
Azimuch- lines which are drawn from V, | 


Mmm 2 That 
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That you may find chem, look into the Table by which you drew the 
Azimuch-lines, chere ſha'l you findthe Anglesat the Zenich, Theo, 


As the Sine of go gr. 
to the Co-fine of the Angle at the Zenith : 
So the Tangent of [uclination to the Horizon, 
to uo T angent of the Angle between the Horizon and the Vertical 
nt. 


In our example, where the Inclination to che Horizon is 36 gr. and the 
Angle at the Zenich, berween the Azimuth at the Style and che Meridian, 


is according to the Declinarion 24 gr, 20 av. exrend the Compaſſes from 
the. Sine of 90 gr, unto the Tangent of 30 gr, the (ame extent will _ 
om. 


" upon an Inclining Plane. 


from the Sine of 65 gr. 49 wv. the Complement of che Angle at the Zenith, 
unto the Tangent ot 33 gr. $0 m, for the Angle contained between the 


9; 


Horizon and che South parc of che Meridian-line. Again , the ſame ex- 
rent will reach from the Co-fine of 35 gr, 35 mm, che Angle at the Zenich 
belonging to Sb E, unto the Tangenc of 30 gr. 3 ms. for the Angle be- 
eween the Horizon and the Azimuch-line oft Sb E, The like reaſon 
holderh for che reſt, which may be found and ſer down in the Table. 


Ari [AnzZe.[Ang. V- An. Ho.| Horiz |11 18|26 34/45 ©! 
wuths. |Gr. M.|\Gr. M.|Gr. M. In, Pa, In. Pa.\ln. Pa.:In. _ 
Eaſt, 1114 20|I19 I12j16 40 Taf. 38 60|11 of 
gbsS 103 51106 2|] 9 20 Js 210 24j22 40] 9 oof 
ESE 91 Fo[92 I61 1 20] 4 42 99115 $7] 7 60 
SEbE [80 35/78 a5| 6 47162 82123 44[12 o7| 6 6s[ 
SE |69 2ol6g ofri4 23129 87116 79|10 12] 6 oo 
SEbS |58 ygl5z 2512: oj20 70113 61] 8 gg| 5 7g} 
SSE |46 yoſ4o 46/26 25)16 68/11 go[8 31] 5 53 
SbE |35 35130 3130 35114 $810 g0o| 7 go 5 42 
Sowth" [24 20]20 F[33 30113 44j10 32] 7 66] 5 35 
Sbw |r3 ylto 39135 17]12 84110 e[7 55| 5 33 
SSW'| 1 gol 1 29135 yo[!12 62| 9 go| 7 47] 5 31 
" | Style lo ojz36 ofſi2 62] 9 go| 7 47| 5 31 
SWbS| 9 25] 7 38]35 37]12 74] 9 96] 7 5o| 5 32 
{$9 120 4ojt6 FB8134 12113 2o0jto 20] 7. 5g] 5 34 
SWbwlz: 55l26 45131 46114 13]10 67| 7 $5 39 
wWw SW 143 10137 11][27 Fils 85]1zx Fol 8 15] 5 49 
whs 154 25/48 30]22 55j19 offi2 " 8 73] 5 66 
Weſt [65 40/160 48116 4ojz5 8715 Fi] 9 62] 5 96 
WwhN |76 55173 yg8l 9 2o0|45 7520 64'11 32] 6 46 
W Nw |88 1087 44, 7 201318 88133 27114 18| 7 25 
Nw bwihgg 251101 35] 6 47] Infi- [92 4olig Go) 8 48 
NW |io 4olll5 oofi4 23] nite. | 31 44j10 30 
| Then may you either draw theſe Angles at V in the former Figure 
more perfely, and thence finiſh your Work, or elſe proceed, 
3s To 
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3. To find the diſtance between the Vertical Paint, and the Parallel of 
the Horizun, 


Theſe diſtances may be found by reſolving the Triangles inthe laſt Fi- 
eure made by the Axis, the Lines of Alticude, and the Azimuth lines. 
For having the length of che Axis, and the Angleat the Horizon, if you 
add che diſtance of che Parallel from the Horizon, unto the Angle at the 
Horizon, you ſhall haye the Angle at che Parallel, Then, 


eAt the Sine of the le at the Parallel, 
to the Co- fine of the gAltitude : 
So the length of the Axis, 
te the diflance between the Vertical Point and the Parallel, 


Thus in our Example, if it were required to find the diſtance upon the 
Scylar Azimuth V H, between the Vertical Point and the Horizon, you 
have the ReQangle Triangle V-B H, wherein the Angle at the Horizon 
here repreſented by B H V is (equal co the Inclination of the Plane) 36 gr, 
and B V che Axis of the Horizon between the Plane and che top of - 
Style is 7 inch. 42 cent. Wherefore extend the Compaſſes from the Sine 
of 36 gr. unto the Sine of 90 gr. the Complement of the Alrirude, che 
ſameextent will reach in the Line of Numbers from 7. 42 unto 12.62; 
and fuch.is the diſtance of che Perpendicular Azimuch-line V H, between 
the Vertical Point and the Horizon. 

In like manner, if you would find the diſtance upon the Meridian 
berween the Vertical Point and che Horizon, extend the Compaſſes from 
the Sine of 33 gr- 30 w. the Angle at the Horizon, totheSine of go gre 
the ſameextent will reach in the Line of Numbersfrom 9.42 unto 1 3.44, 
” and ſuch is V a the diſtance betweenthe Vertical Point and the Horizon 
upon the Line of che South Azimuth, that is, upon the Meridian-line, 

But if you wonld find. the diſtance upon the Meridian berween the 
Vertical Point and any other Parallel of the Horizon, as upon the Paral- 
lel of 26 gr. 34m. then add theſe 36 gy. 34 mw. unto 33 gr. 30m. the 
Angle at the Horizon, ſo- (hall you have 6a gr, 4 #». for B D.V/ che An- 
gle ar cheParallel. And if yon excend the Compaſles from the Sine of 60 gr, 
4 mv. unto the Sine of 63 gr. 26 mv. the Complement of the Parallelfrom 
the Horizon, the ſame extent will reach in the Line of Numbers from 
7. 42 the leogeh of the Axis, unto 7. 66, and ſuch is the pang V D 

| eween 
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between the Vertical Poine dd the Parallel of 26 gr. 34 w upon the Me- 
ridian-line, The like reaſon holdeth for all the reſt, which may be ga- 
thered and ſet down in the Table, 

That done, and che Horizon drawn as before, if you would draw the 
Parallel of 26 gr, 34 m. from the Horizon, leok into the Table, and there 
finding under the Title of che Parallel of 26. 34 the diſtance on the Sourh 
Azimuth-line to be 7. 66, take 7 inch, 66 cent. out of a Line of Inches, 
and prick them down on the Meridian of your Plane from the Vertical 
Point at V, 

Or if either the Vertical Point fall without your Plane, or che extent 
at any time be too large for your Compaſſes, you may prick down the 
diſtance between the Horizon and the Parallel. As here the diſtance be- 
eween the Vertical Point and che Parallel is 7.66, berween the Vertical 
Point and the Horizon 1 3. 44, the difference berween them 5, 98 is the 
diſtance from the Worizon to the Parallel, which being pricked down 
upon the Meridian, thall give the ſame InterſeQion as before, And the 
like reaſon holderh for the pricking down the reſt of cheir diſtances on 
their ſeveral Azimuthe, 

Having the Poinc of Interſe&ion berween the Azimuths and the Paral- 
lel, you may joyn them all in a crooked Line, withour making of Angles ; 
_ _ drawn ſhall be the Parallel required. And upon this ground ic 
followeth, 


Todeſcribe ſuch Parallels on the former Planes, as may ſhew the propere- 
tion of the Shadow unto the Gnomon. ! v 


The proportion of a Mans Shadow unto his Height, or other Shadow to 
his Gnomon, ſer perpendicular to the Horizon, may be ſhewed by Paral- 
lels to the Horizon, if they be drawn to a due Alcicude, which may thus. 


be found : 


'As the length of the Shadow, 

ts the ſeagt of the Gnomon : 
$0 the Tangent of 45 gr. — .' 

$0 the Tangent of the Altitnde, 


As if it were required to find the Altitude of the Sun when the Sha-- 
dow of a Man ſhall be decupleto his Height, extend che Compaſſes from : 
19 unto Linthe Line of Numbers, che ſame excenc will reachin the Tan-- 
gear. 
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- Bent of 45 gy. unto the Tangent of 5 gr. 42 mw. which ſhews that when 
the Sun. cometh to the Altirade of 5 gr. 42 m9. your Shadow upon a level 
Ground will be ten times as much as your Height. In the ſame manner 
you may find, that at 7 gy. 7 ». of Altitude your Shadow will be a duple, 
at 9 gr. 27 m. {extuple, at 11 gr. 18 mm. Go at 14 gr, 2 . quadru- 
ple, ar 18 gr. 26 ms. triple, ac 26 gr. 33 my. double to your Height, at 33 gr. 
.41 28. as 3unto 2, at 36 gr. 52 #3. as 2 unto 3, at 34 gr. 39mm.as F unto 
4, at 45 gr. cqual, at gt gr. 2099,a5 4unto 5, at 53 gr. 7 we as 3 un- 
to 4, at 56 gr. I9 m. as 4 unto 3, at 58 gr. 2 55. as3unto 5, at63 gr. 
26 », as I unto 2, &c. 
If then you draw a Parallel co the Horizon at $ gr. 42 #», another at 
7 gr. 7mm. and fo the reſt, when the ſhadow of che Style falleth on che 
Parallel, you have the proportion, and chereby may you know che Shadow 
by che Height, and the Height by che Shadow, whereof you have an exam- 
Clap. ©. : 
l >. here proceed to ſhewthe Deſcription of che Circles of Poſition, 
the Signsof che Zodiack in the Meridian,the Signs aſcending and deſcend- 
ing, with ſuch other Gnomonical Conclufions : but theſe would prove 
ſuperfluous to ſuch as underſtand the DoAtrine of the Sphere z and for 
hm ry that which is delivered may ſuffice for ordjnary uſe, it being my 
intention not ſo muchto explain the full uſe of Shadows, (whereof I have 
lately given a large example in another place) as the uſe of cheſe Lines of 
Proportion, that were not extant heretofore. 


= 
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AN 


APPENDIX 


CONCERNING THE 
DEsCRIPTLION and UsEt 


Of a ſmall Portable 


ADRANT, 


5 For the more eafie finding of the 


HO URad AZIMUT H, 


OC 


\ AND. 
Other Aſtronomical and Geometrical Conduſions. 


_ — TORT —p—_—_—_— 


"CHAP. 'I.' 
Of the Deſcription of the Qgyadrant. 


Aving deſcribed theſe. ſtanding Planes, I will now ſhew 
the moſt of theſe Condiuſiees by a ſmall Quadranc. This 
might be done generally for all Latimdes, by a quarter 
of the general Aſtrolabey'felcribed before in che Uſe of 
& che SeRor ; and particularly for'any one Latirude, by a 

quarter of the particular Aſtrolabe, there alſo deſcribed z 
whick if it be a Foot Semidiameter, may ſhew che Azimuth unto a De- 
erec, and the tirge of rhe Day unto # Minute t Bur for ordinary uſe this 
{males Quadrant may ſuffice, - which may 'be made portable in this man- 


ner. 
Nnn rt, Upon 


W808 The Inſeriptionof the General Lines: 


© x, Upon the Center A,and Semidiameter A- deſcribeche Ark B.C; 
che ſame Semidiamerer .will ſer off 66 gr. and the half of chat will be 
39 Z*. which being added £0 the former 6o gr. will make the Ark BC » 


_ p. 


St 


be 90'gr. the fourth part of the whole Circle, and chenge comes th® 
name of a rant. 

2, Leaving ſome lierle ſpace for the Inſcription of che Months and Days, 
on the'fame Center A, and Semidiameter A T, deſcribe the Ark T D, 
which ſhall ferve for eicher Tropick. Þ1-4> ale” þ 

- 3. Divide the Line AT in the Point E, in fuch proportion, as that 
A T being 10000, A E may be 6556, and chere draw another Line E F, 
which ſhall ſerve for the Equatorz or AE being 10e00, let ET be 
$253. 

4. Divide AF che Semidiameter of the Equator in the Point G, fo as 
AF being 10000, the Line A G may be 4343 : and on the Center G, 
and Semidiamecer G D, deſcribe che Ark ED, which hall ſerve. for a 
foarth part of che _—_ | 

5. This part of che Ecliptick may be divided into three Signs, andeach 


Sign into 30 gr. by a Table of Right Aſcenſions, made as followerh. 


| A T able of Right Aſcenſions. 

| G ; wh al. 
| 

| 


RR STR. 1 
Wa Gr. M.Gr. _M. IG M. 


© [©0027 54157 '48 


5 {| + 35132 42163 3 
10 [9 1137 35168 21 


15 [13 31/73 43 
20 |18 27147 3379 . 


25 [23 952 38134 3 
30 |27 $457 48|go 


— 


As.the Right Aſcenſion of the firſt Point of 1 being 27 g7. 54 w: 
you may lay a Ruler to the Center A and 27 gr. 54 mw. in the 
Quadrant B'C, the Pojnt where the Ruler crofſech che Ecliptick ſhall 
be che! firſt Poime of 5.” In like manner, the Right Aſcenſion of 


the firſt Poine of 13 {being 57 gr. 48 wv, if you lay a Ruler to the © 


Center Aand 57 gr-48 w. in the rant, the Point where the Ruler 
_ k he Epc 0 | be che = Poine of J: And {o for the 
reſt. Bur mes wiſtintion between S; aay be 
beſt drawn from the Center G. | TIM. gn hop 


P 


Nons | ' GThe 


The Inferiptibs of the General Liner, © 89 


26D ..- The Zuſerighiin of, the SH@6s. » 77 
i Gr. Pays. | 6. The Line ET. berween the or and. che 
— | 6 | Tropick, which I call the Line of Declination, may. 
' x 5 be divided into 23 g--4 our of this Table, For le 
| p4 53 A E che Semidiameter of the Equator be x0000, the 
3 _ _ diſtance berween.the Equator and 10 gr. of Decli- 
| + | 913 nation may be 1917 more ; between che Equator and 
Ld. ——=1 0 4281 ; rhe diſtance of the Tropick from the. 
6 | = | Equator 5252, | 
7 - þ £306 7- You may put in the moſt of the principal Sears 
| 8 | 20R  berween the Equacor and\he Fropick of S, by their 
L "79 Declimerjon from-the Equator, and Righ® Aſcenhon 


277 | fromthe nexcEquinoRiial Poime, As che Declination 

II 2130 1 of the Wing of Pegaſxs being 1 te 7 ws. the Right 
| 12 2348 | Aſcenſion 358 gr. 34 mm, from the firſt Point of Y, 
I3 2571 | or 1 gr, 26 ww. thorcof it, If you draw an occulc Pa- 
I4 | 2799 | ralle{chrough 13 gr. 7 w+ of Declination, and chen 
£ 15 | _3032 } Tay theRuler tothe Center A, and 1 gr. 26m. in the 
16 | 3290 | Quadrant BC, «he Point where the Ruler crofſech 
17 3514 | che Parallel (hall boche Place forthe Wing of Pegaſie, 
18 | 3763 | to which you may ſet the name and the time when 
l 19 | 4019 + he cometh to the South at midnight in this manner ;. 
20 | 4281 | W.Peg.* 23 He. 54 M. And (o forthe reſt of theſe 
21 | 4550 | five, or aoy other Stars, 


22 4825 
23 5104 
Trop. | $258 | 


| 1 12 intact 'Ho, MR, "Aſc. Dec. M. 

Pegaſus Wing * | Mach 8123 56| 1 06113 1u7 

: {Arflarws * = 14|14 30 omar Bl 
Tims Heart - * | tee 9. 5oig2 2813 43] 
Bmlls Eye * May 16, 4 1864 28125 "1 
Vulteres Heart * | January 19. 3566 _264P 3| 


8. There beiag ſpace ſufficient between rhe Equator ahd the -Cemter, 
you may there deſazibe the Quadrat, and divide cach of the ewo Sides 
fartheſt from the Center A inro 100 parts ; {o ſhall che Quadrant be pre- 
pared generally for any Latitude, 

Bur before you draw the particular Lincs, you are to fic fonr Tables 

wader your Latitude, ; Firſt, 


Firſt, a Table of Meridian Alticudes , for diviſion of the Cirde of 


and\ Months, which nay be thus, made, Conſider the Laticude/ 


of the Place, and the Declination of the Sun for cach Day of che Year, 


If che Laticude and Declination be alike, bath North, or boch South, . 


add the Declination to the Comrlemenc of the Lacicude z if they be un» 
like, one North, and che other South, ſubcrat the Declination from che 
Com nt of che Latirude, che Remainder will be the Meridian Alti- 
tude belonging unto the Day, | 

Thus in our Laricude of $1 gy, 30m. Northward,, whoſe Comple- 
ment is 38 gr. 3® w.the Declination upon the ceruh day of Jane will be 


23gr. 30m. Northward ; wherefore I add 23 gr. 30m. unto 38 gre. 
30 ms, the ſum of both is 62 gr. for the Mcridian Altizude ar the cremch of 


June, The Declination upon the'tenth of December will be 33 gr. 30m. 
Southward, wherefore I cake theſe 23 gr. 30 wv. gut of 3$-gr. 30 m, 
chere will remain I 5 gr, for che Meridian Alcicude at the renth of Decem- 
ber ; and in this manner you may find the Meridian-Ahkicade for each 
Day of the Year, and fer chem down in a Table. 


eA Table of the Meridian Altitudes. 


L —_—_— 
. 


_ - \” ...V 


Months, |Gr,, M.\@r. M.|Gr. M.|Gr. M|Gr. 'M\3r. M 


january I6 JI 
February [24 17 
March 134 35 
pril [45 37148 
56 15 

x... 36| 
60 49 


29 
28] 


22] 


| The Table being made, you may inſcribe the-Months, and Days of 
| each 


Thaw a Table of 'the Maridian Altitares, > 10x 


=y 


© 
- 
* | 
; - 
4 - 


ict 


roz Tv fit « Table for drawing and divideug bf the Horizon. 
each Month into your Quadrant, in the ſpace lefr below the Tropick. 
For, lay the Ruler unto che Center A, and 16 gr, 31 min the 
BC, there may you draw a Linefor theend of December and beginning 
of Fanxery x fr laying your Ruler to the Center A, and 24 gr. 27 ». 
inthe Quadrant, there draw the end of Fanwary and beginning of Fe- 
brnary, and ſo the reſt, which may be noted _ F,M, A, M, J, &c. 
the firſt Letters of each Month, and will here-fall berween 15 gr, and 
62 gr. | 

The ſecond Table which you are to fic, may ſerve for the drawing and 
dividing of the Herizon, For drawing of the Horizon, 


| eAs the Co-tangent of the Latitude, 
to the T angent of the greateff Declination: 
So the Sine of go gr. 
to the Sine of the Interſeftion where:the Horizon ſhall croſs the 


Tropick, | 


So in our Laticude of 51 gr. 30 ww, we (hall find the Horizon to cut the 
Tropick in_3 3 7+ 99. wherefore if you lay che Ruler coche Center A, 
and 33 gr. gm. intheQuadrant, the Pojat where the Ruler crofſerh the 
Tfopick ſhall be-che Point where the Horizon crofſerh the Tropick. And 
if you fiad a Point at Hin the Line: A C, wherecon ſetting the Compaſ- 
ſes, you may bring the Point at E and this Point in the Tropick both 
into a Circle, the Point H ſhall be che Center, and the Ark ſo drawa ſhall 
be the Horizon. : | 

Thea for the divifien of this Horizon, 


A1 the Sine of "g0:gr. 
to the Sine of the Latitnde : 
So the T angent of the Horizon, | | 
to the Tangent 'of the Ark in the Quadrant, which ſhall divide 
the Horizon. i 7 : -1H a O53 = 


So in our Les of 51 7. 32 ”» We all God 72, 52:0. belong- 
ingto IO gy, in the Horizon, and I5 gr. 54% belonging co 20 gr;: And? 
to the reſt, as if chis Tablc. af 


.. Ho. 


| : 74 48 
i5 4| [27 5o| 142 58 - 4] 176 -3 
3_3_55[29115 54135128 43150[43 59 213|80|77 18 
4 42] 116 43] [29 37] 144 1! 160 22 175 33 
5 29] |17 33] [39 32] 145 3] |6r 31] log 49 
6 27] |18 22] 131 27 jo 5] 162 41] |81 F 
17 41 119 121 132 22! [47 8! [62 52) [82 21 
16| 7 52125]20 -'2[40[33 18[55148 11}70]65 3185|83 27 
39] [20 53] 134 14! 149 14| 66 15] "84 53] 
| 9 27] |21 44] 135 10] -|5o 19] [67 27] 186 10} 
ro 141 [22 361 136 7| |51 24| 168 39} |87 26 
23 2 [23 27| 37 4 [$2 29} [69 52] 188 43] 
15]11 $1l30'24 19145}38 2160/53 3519y|71 F{oolgo © 


_—_— 


Wherefore you may lay the Ruler to the Center A; and T gr. 52 00 


in the Quadranc BC, the . Point where the Ruler crofſech che Horizon 
gr- in the Horizon 3. and fo for the reft : Bur the Lines of 


ſhall be 10 


diſtinQion berween each fifth Degree will be. beſt. drawn from che Cen- 


. . 


ter ff, 


The third Table for drawing of the Honr-lives muſt be a Table of the 


Altitude of the Sun above the Horizonat every Hour, eſpecially when he 
cometh to the Equator, the Tropicks, and ſome other inrermediate De- 


clinati 
If che bun be in.che Equator, and ſo have no Declination, 


the Sineof 90 gt- 


3k to the Co-ſine of the Latitude 
© Sodhbe Co-ſine of the Hour from the Meridian, 
| te the Sine of the Altitude. 


Thus in our Latitude of 51 gr, yo *s, atlix Hours from the Meridian + 
the.Sua will have no Akitude, at five the Alitude will be 9 gr, 17 #. at 


four . 


il *Ts fled He bbvridesf the tan: © 


 Nonth Declination, and the Hour 


four 18 gr, $ mw. at three 26 gr, 7 av, at two 32.97. 37 w. atone 56 &. 
52m, ben it will be 38 gr, 30. :equal. co che Complemene of Fe 


Latitude. FE if FA bo 2 71423 By 
If the Sun have Declination, rhe Meridian Alcicude will be found as ' 


before, for the Table of Days and Months. 


If che Hour propeſed be fix in the Morning or fix ar Night, 


As the Sine of "go gr. p21 E114 
| tothe Sineof the Latitnds : F 4+ Cl2% 
Ss the Sine of the Declination, WW 
80 the Sing of the Altitude. ; 


p os l 
Thus ingur Laticude the Declination of che Syn being 23 gr. 30s. the 
Alcitude will be found to be 18 gr. 1-1 wv, the 'Dechajion being 21 gr, 
:30 rhe Alcicude will be g gr. ES Ik 
If che Hour propoſed be neicher twelve nor fix, | 


As tbe Co-fine of the Howr from the Meridian, 
&g the Sine of. go gr. 
' ' Sethe Tangent of the Latina, — —- 
ta.the T angent of « fonrth 


Soin our Latitude, and one Hour from the Meridian, chis fourth Ark 
will be found to be 5 2 gr. 28 1. at two 55.97, 26 ww. at three 60 gr. 39 ww, 
atfour 68 gr, 22 av, and ac five Hours from che Meridian 78 gr. 22 ay. 

" Thenconlider the Declination of che Sun, and the Hourpropoſed ; if 
the Latitude and -Declination þe both alike, as with usin North Lacitnde, 
fall berween Noon and fix, take the 
Declinationouc of the fourth Ark,the remainder ſhall*be your fifth Ark, 

Bur if cicher the Hour fall berween fix and midnight, or the Laticude 
and Declination ſhall be unlike, add che Declination unto the fourth Ark, 
and the ſum of both ſhall be your fifth Ark : or if che ſum ſhall exceed 
-90 gr, you may take the Complement unto x86 gr. This fifth ky be- 
ing known, 127 ge $2 == 


=.” 


es the Sine of the fourth «Ark, 
to the Sine of the Latitude, _ 
Fo the Co-fine of the fifth A wh | 
'* Pothe Site of the Altitade, © 
Thas 


Tv find the Altitude of the Sim; * rby © 
Thus in our Latitude of 51 gr. 30w. Northward, the San having 

23 gre 30, of Norch Declinarion, if it ſhall berequired co find the” Al- 

ticude of che Sun for ſeven in the Morning 2 here (becauſe the Laticade- 

and Declinacion are both alike ts the Northward, and che Hour propoſed + a 

fallech berween Noon and fix) you may take 23 gr- 30 mv. the Ark of the 

Declination, out of 78 gr. 22 mv. the fourth Ark belonging to the fifth 

Hour from che Meridian, fo there will remain 54 gr+ 52 ww, for your fifch 

Ark: Then working according tothe Canon, you ſhall find, 


Alt the Sine of 78 gr. 22 m, your fourth Ark, 
to the Sineof 51 gr, 30 m. for the Latitude : 


So the Sine of 35 gr. 8 m. the Complenuent of your fifth 
to the Sine of 27 gr. 17 m. jragomoec end ws 


If in the ſame Laticade and Declination it were required 'to find che 
Altitude for five in che Morning, here the Hour falling berween fix and 
Midnight, if you add 23 gr. 30 wv. unto 78 gr. 22 w. the ſum will be 
201 gr, 52». and the Complement to 180 gr. will be 98'gr. $ av, for 
your fifth Ark. Wherefore, 


PR 


In Reflangule © D H, an | ; ' 


: M 4108 Radias, © © 
Ht N ad E M Co-tan, Lat. 
Ita 0 DCofi, Hors. 
ad D HTa DH, 


Cujm aqualiteſt Þ R, cujua Compl, D Rynyvia dr, avon quartes 


TTY ET _—_— = 
: — * 
_ - 
. 


4 0" = 046 
—_ 


_—_———— 
p # « 


nine in the — 


106 To. find the diikdit of the Savve. 


 Cenferatur Aru: D MH cums Arca Declinationis D S, te dabitr Arc. 
HS, cujuCompl..ofÞ S R & priwdr. drow guiates. Unde erit, 


Ze Cope PR, His oft, Ut Sim. DR, 


adCo.FZ: ad Sim, EZ: 
ltaGof. S R, leSin, HS, 
ad Coo. S Z. ad Sin, AS. 


Hine forte preftabit vecare HS Arcwne quintvm, ite [ecnnde or atio- 
inſtitnetwy per ſolos finous 

Vl fi libet. [{nltrattiance /int-quanti Arc eultare, inveniatur Ang nite 
OHD quid fieri pete wartia nedis.. News, 


T, Ht Radive,, 2c. yen 
at Sin, Jong Ot : Sm ©: 
LD haSin'D O,. 


''- ad Cop. Au. Q HD» at Sin. H. 
5: Mt Sin. D'H, 4+. Ut Sin, DR, 
ad Tan. D O : | ad Sim. EZ; 
Ita Radine, | Ita Rad, 
ad Tan. Ange H. et 9 «Sie H. . 
| Inventa utcungue Argule ad B, oh MOwgela H 4 5. 
| 01S Be dngal AS: | | 
a 15h 8: » K .7 VT PA t $49. 2 
" Tts Sinw | ad Horiz., S H 4, 
Ad Sin, Solends Altitedinks S 4. 1 
As the Sine of 7S'gr. 22 ma | 
to the Siavof 5tgr. 30m © | 4 
Ss the Co-fine of 78 gr. $m. 


to the Sive of 9 gr; 33 me for the Hititnde reguired. 


If in yoo Latitude of y4.goe Jags. Neyhavied, the on pn 
3 +». of South Declinacion, it were required the Altitude for 
a0 Here, becauſe the Latitude and Declination 


are 


oO OOTY pu Mn 


Tv ad vic athinidogfrledion © 47 
are unlike, the one North, and the ocher South, you may add 2 $ gr* 
os m». the Ark of Declination, unto 60 gr» 39 ww, the fourth Ark be- 
onging to the third Hour from the Meridian; {© (hall you have 84 gr. 
9 m, for your fifth Ark; Wherefore, 


eAM! the Sine of 60 gr. 39 m. 
to the Sine of 51 gr. 30 ms 
Soothe: Co-fine of $4 gr 9 
tothe Sine of 51. 1s m. for the (ittwderequired 


And:ſo by one or other of .cheſe means you may find the Altitude of 
che Sun for any Point of che Ecliprick at all Hours of the Day, and fer 
them down inſuch a Tablcas chis 


[ut Talefer the eAltitwide of the Sun in the __ died S 
* af «ll Howre of the —s calenlated -: ST gr. 3O-m. of Nort 
Lnutitude. 


59 43156 4 12136 - 58[25 4o[!7 613 53 


I2 
" 
10 2153 45150 55143 12132 37j21 Fij13 38110 30 
[9 3|45 4243 6136 oſas 7s 5818 5 15 
8 4136 41134 23/27 31118 818 3z3]1 I 
7 $127 177124 56118 8] 9 171 0: 6] | 
6 . 6118 1115 40] 9 o| oO. © | 
1:9 1 101k 
4 8} 1 32 o 21_4 


Laſtly, You may find what Declinatjon the Sun hath when he rifecls 
or ferrechuar 2 any Hour. 


Qoo2z As 


208 


The mianiver of drawing the Hier lines: 


' Arthe Sine of go gr | ___ We 
to the Sine of the Hour from ſix : 3 
So the Co-tangent of the Latitade, . | 
tothe Tangent of the Declination. 


And fo in the Latitude of 51 gr. 30-w. you ſhall find that whien the 
Sun riſech, cicher ar five in the-Summery or ſeven in the Winter, his De- 
clination is 11 gy. 37 ms. when he riſcth at four in the Sammer, or eight 
in the Winter, his Declination is 21 gy. 40 mw. which may be alſo ſer 
down in the Table. | | 
- That done, you may there. ſee, that in this Latitude the Meridian 

 Alcicude of che Sun in the beginning of & is 62 gr, in It 58 gr, 42 am. 
in I 5Ogr. in 38 gr. 3O mw. &c. Bur the beginning of & and 1p is 
reprelented'by the Tropick T D, drawn at 23 gr. 30 mw. of Declination, 
and che beginning of Y and my, by the Equator EF. If you draw an 
occuls Parallel berween the Equator and the Tropick, at 11 gr. 30 wv. of 
Declination, ic ſhall ph 4 che beginning of &, MM, mM; and 6, if 
you draw another c Parallel through fo £r- 12 ww. of Declination, 
Ac ſhall-repreſenc the beginning of 3, RX, ©, and ws. 

; Then you may lay a Ruler co the Center A, and. 62 gy. in theQua- 
drant B C, and note the Point where ir crofſeth the Tropick of S z then 
move the Ruler to 58 gy. 52 #v. and note where it crofleth the Parallel of 
IF 5 then to 5O gr, and note where ic crofſeth cheParallel of  ; and again 
to 38 gr. 30 w. noting where it crofſeth the Equator: ſo the Line drawn 
through theſe Points ſhall fhew the Hour of, 1 2 in the Summer, while the 
Sun is in Y, B8,, IIs $, & or M. Inlike manner, if you lay the 
Ruler co the Center A, and 27 gr. inthe Quadrant, and nore the Poine 
where it croſſerh the Parallel of 36 ; then move it to 18 gr. '1$ wv. and 
nore where it crofſeththe Parallel of as.; and again to 15 gr. noting where 
it crofſech the Tropick of vp ; * the Line drawn chrough cheſe Points ſhall 
ſhew the Hoor of 12 1athe Winter, 'while the Sun 1s in i, tt, *, Ws 
&, and'*; {o may you draw the reſt of cheſe Hour-lines : enly that 
of 7, from che Meridian in the Sammer, and 5 in the Winter, will croſs 
che Line of Declination at 11 gr. 37 ms. and that of 8 in the Summer, 
2d 4 in.the W inter, at 21 By, 40 Wn, . | 
The fourch Table tor drawing of the Azimuth-lines muſt likewiſe be 

ficred for the Alcirude of. che Sun aboye the Horizon at every Azimuth, 


eſpecially 


To find the Swns Altitude for the Azimuth and Latitude; $09 


eſpecially when he comech co the Equator, the Tropicks, and ſome other 


incermediace tion. 


If che Sun be in the Equator, and ſo have no Declination, 


As the Sine of go gr. 


to the Cor fine of the Azimuth from the Meridian : 


So the Cotangent of the Latitude, 
to the T angent of the Altitude at the Equator. 


Thus in our Laticude of 51 gr, 30 w. at 90 gr. from the Meridian the 
Sun will have no Alcicude ; at 80 gr, the Altirude will be 7:gr. 52 m. 


at 70 gr. itwill be x5 gy. 30 av, at 60 gy. it* will be 21 


If che Sun have 


. 4178. 


linagon, . the Meridian Alcicude will be cafily 


found as before,.for the Table for Days and Months. And for all other 


Azimurhs, 


As the Sine of the Latitude, 
$0 the Sine of the Declination : 

So the Co-fine of the Altitude at the Equator, 
to the Sine of 4 fourth drk. 


When the Laticude and Declination are both alike in alt Azimuchs: 
from the prime Vertical unto che Meridian, add this fourth Ark unto the: 


Ark of Alcitude at the Equatorz 


When the Laticude and Declination are both alike, and the Azi- 
muth more than go gr. diſtant from che Meridian, take rhe Alcirude at 


the Equator out of- this fourth Ark. 


When the Latitude and Declinatioh arc unlike, take this fourth Ark 


out of the Ark of Alticude at the Equator, fo ſhall 


Alcitude of the Sun belonging to the Azimuth. . 
Thus in our Latitude of 41 


you have che 


, Zo w, Northward, if ic were 


required to find the. Alcitude of che Sun in che Azimuth of- 60: gr,. 


from-the Meridian, when the Declination is 23 gr. 30 wm. North- | 
ward ,, you may find che Alcicade at the Equator belonging to-this- . 
on; and by this laſt , 
Canon you may find the fonrth Ark to be 28 gr. 15 w. Then be-. 
cauſe che Latirude aud Declination are both alike co the Northward, \ 


Azimuth to be 21 gr. 41 »»; by the former 


if you 'add chem both -cogerher, you ſhall have 49 gr. 56 wv. for the 


Alcitude required.. 


O AM, 


> 


«a I. 
" 
+. 


T0 6 Ts Fl te ii ie ft Azinth unll Lathtaic, 


O M 90,50, 

MEC Lat. 
O Ace, toi. 
AB gAlt. fqua. 


E Z Lat. 

Z B Com. A B. 

D S Deells. g 
SB Arc. 4. 


1 ables for the Altitude of the Swnin the be (ginning of each Sign for 
every tenth Azimut 


—_—— 


— 


Lat. 5o Gr. Od AM. 


EMEEPEIIIENCFDE Do 1 go | 
$63 30163 14162 23160 54158 42 42155 hol 2]31 17131 - 
0i6o 12/59 54159 057 23155 1151 43 os le 34 4726 

[51 3151 ) is 10145 23141 3436 38130 39/23 12/15 = 


Y140 os 34/38 15/36 ofz2 44/28 2c|22 45160 'o 8 Ty r7ſ9 © 


XK1[28 30128 i 04 27|23 Faſzo Fl15- 6 8 52] 1 30] 6 _— 7 | 
J/r9 48/19 I 17 31/14. 50 27] 4 LR I 43] 9 49118 13 4 
w[16 30114 54\i4 7111 6 1 5! 6 S814 2122 43] 


Lat, 5! gr. 
$62 3 62 1461 22[59 54/57 4 "to ves 7 3330 53 
059 7258 5457 $9[56 2354 0 whe 51s E126 23 
152 3050 7149 3147 11/44 25 $1 4035 47 - 2 43)i4 22 the 57 
7139 9138 34137 16/35 3131 4927 39122 fx Tn -:0] oO © 
X27 30]:7 125 29122 55| 9 13114. 20] 8 174 1 10} 6 43 
w1rs = 33113 43] 9 38} 4.47] 2 18] 9 wm 
wi5 30ſl4 54-13 1chio 12's 58] © 25! 6 23 [14 10/22 33 
Lat, 52 Gr. 
Sſ61 3oſot ; 22/58 $2156 3853 33/49 29/44 1437 583 & 
nj pe ah 0149 43144 25140 O/33 iy 
riſg; 26139 4434 $8]29 6/22 3 hs 
7" = Ty "77 = 530 54126 40j21 209]14 | $7] 7-44 7-441.0 © 
26 3026 1124 31/22 oj18 22]13 26j#7 42] 0348/6 46 [227% 
[7 48/17 I6j15 36/112 45] 8 49] 3 37] 2 45j106 618 © 
I1vp/tg 3014 F6jt 2 2] 915 5 10] 0 13' 6 4914 19122 30f 


The Iaſcroption of the Animazhe. 722 
If the: Declination lad been 23:gr. 30 m.. co the Sourhward , you 
* ſhouldichen have taken this fourth Arle our of the Auk at the Equator; 
which. becauſe. it cannoc here be done, irisa ſign chat the Sun is not then 
above the Horizon : B 1c if you cake che Art at the Equator oac of this 
fourth Ark, you ſhall have 6 gy. 34 w. forthe Alcicude of the Sun when 
he ivinche Azimuch of 60 gy. from the Norch, and 220 gr. from the 
Souch part of che Meridian. The like reaſon holdech for the reſt of theſe 
Alkicades, which may. be gathered, and (er down in a Table, | 
Laſtly,. when the Sun ri{cch or fecrech upon any Azimuth, to find his. 
Declinacion. 


As the Sine of 90 gt. 
to the Coſine of the Latitude : 

$0 the Co-fine of the Azimmh from: the Aeridian, 
terthe Sine of the Declination. 


— 


eA Table for the Altitnde of the Sun in the beginning of each Sign fo 
Ml |; every tenth: Azimuth, in 51 gr. 30 m. of North Latitude. 


ey | # |= A's mY ax ne / (20 
wah: Gr, M.|Gr., M.|Gr; M.|Gr. M |Gr. M |Gr, M.|Gr. M. 
* UMM PY 2 4OPY | "NEED WWE | 
Q 162 0158. 42/50 043% 30,27 ojg 1815 ob; 
10 -j61 43158 24- | $126. 30[17 45/14 25} 
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And ths im ont Laceadevf 51 gr, 30a6y when the Azamuch is So 8 
Ont. 


12 - The Inſcription of the Azimuth: | 
from the Meridian, che Declination will be found to be '6 gy. 12 ny. if 
the Azimuth be 70 gr. che-Declination will be found 12 gr. 18 ms. if-60 gr, 
then'18-gr, 8 m9. Ando for che reſt, which may be alſo ſer down in the 
Table. | 
| Tharidone, if you wonld draw the Line of Eaſt or Weſt, which is 
90 gr; from the Meridian, lay che Ruler co che Center A, and 30-g-. 
38 w. numbred in the Quadrant from C toward B, and nocre che Poine + 
where it crofſerh the Tropick of & ; then move the Ruler co'26 gr. 10 ms. 
and note where ir oil the Parallel of gg; then to 14 gr. 45m». and 
note where it crofſeth the Parallel of yy ; chen co © gr. 0 wv, and you 
find ittocroſs the Equator in the Point F : fo a Line drawn through theſe 
Points ſhall ſhew the Azimuth belonging to Eaſt and Weſt. The like 
xeaſcn holdech for all the reſt. ; 
Theſe Lines being chus drawn, if you ſer two Sights upon the Line 
A C, and hang a Thred and Plummer on the Center A, with a Bead 
upon the Thred, the Fore-fide of the Quadrant ſhall be fully finiſhed. 
On the Back-ſide of che Quadrant you may place the NoQurnal de- 
{cribed before in the Liſe of the Setor, which conſiſteth of ewo parts. 
The one is &n Hour- Plane, divided cqually, according to the 24 Hours 
of che Day, andeach hour into Quarters, or Minutes, as the Plane will 
. bear. - The Center repreſencs the North Pole; che Line drawn through 
the Center from XIT to XII ſtandsfor the Meridian, and chelower XII 
"ſands for the Hour of XII at midnight. - 
I The other part is a Rundle for ſuch Scars as are near the North Pole, 
together with the rwelve Months, and the Days of each Month, fitted co 
the Right Aſcenſion of the Sun and Stars, in this manner, 

Firſt, conſider where the Sun will be ar che beginning of the 5, 10, 
Ig 20, 25, 30, and, if you will, every day of each Month, and find 
or Right Aſcenſion belonging co the'place of the Sun, as I ſhewed 
before, 

For example : The Sun-at midnight, che laſt of December, or begin- 
| ning of Fans.ry, will be communibu; annis about 20 gr. 40 wy. of wy, 

- whoſe Right Aſcenſion is 292 gr. 20 m. Ac midnight, che laſt of Janw- 
ary, or beginning of Febrwary, he will beabout 22 gr. 12 w. of aw, whoſc | 
Righc ___ is 324 gr. 35 *», and ſothereſt, which may be fer down 
in @ Table. | 

That done, confider the Longicude and Latitude of the Stars, :and 

A thereby find cheir Right Aſcenſion and Decligation as I ſhewed before,and \ 
| :fſerchem down 4in a Table. Theſc Taþles thus made, ler theuppermoſt 
part 


Thi Uſe af the Quedrenr. px} 
part of the Rundle be made tven with cheirinermoſt Circle:of the Hagr- 
Plane, '3nds convenient (pace. allowed wo contain the diviſions for che 
Days, and names of che Months. Then lay the Center of this Rundle 
upon the Center of ſome other Circle divided 'into/ 360 gy, and by the 
Center and-292 gr 20 av. in that Circle, draw a Line for che beginning of 
January: In like manner, by che Center and 324 gr- 35 a». draw a Line 
tor the end of Fanwary and beginning of February; and (fo the reſt of che 
Daysof cach Monch, | | Ps 

For the Inſcription of the Stars, let one of the Lines from the Center, 
as that at the beginning of Fly, or rather let a movable Index be divided 
from the Center toward the 1nward Circle of the Months into 40 7 ml 
more or leſs, which may be done for ſpeed equally, but for exaRtneſs in 
ſach manaer a5 the Semidiameter of che General Aſtrolabe was divided 
before in the Uſe of the Seor, So laying the Index to the Right Aſcen- 
fion in the ourward Circle, you may prick down the Stars by their De- 
clination inthe Index, 

For example: If the Right Aſcenſion of the Pole-ſtar be 6 gy. 28 w. 
and his Declination $87 gr, 20 ws. having ſerthe Center of the Index boch 
ro-the Center of che Rundle and of the other Circle , turn the Index to 
6 gr. 28 =, inchac ourward Circle, and: prick down the'Star by $75 gr. 
20 »». in the edge of the Index, that is, at che diſtance of 2 gr. 40m. 
from the Pole. The like'rcafon holdeth for che reſt of che Scars, which 
may be diſtinguiſhed according co their Magnirudes, and then be reduced 
* into their Forms, as in the Example. So the Quadrant will be firred both 

for Day and Night. | | 
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CHAP. IL 


Of the Uſe of the Quadrant, in taking the Altitude of the Sun, 
J | Mom, and Stars. . 


He Quadrant is the fourth part of a Circle divided equally into 
90 gr. and here numbred by 16, 20, 30, &c. unto 90 yr. cach 
Degree wy gs prey” 
Lifr up the Center of the Quadrant ſo as the Thred with the Plummer 
oy play cafily by the Side of ic, and che Sun-beams may paſs through 
both che Sights; ſo ſhall che Degrees cut by the Thred ſhew whar is the 
Alcxcude ac che time of obſervation, as may appear by this Example. 

Ppp Upon 


FY 


114 The Uſe of the Eclipticki | 
Upon the 14 day of April,abour Noonythe Sun-beams paſſing throngh 
both he Sights the Thred fell upon $1 gy. 20 w. and this was ron 
Meridian Altirude of the Sun for: that day, in this our Laritude of 51 gr, 
30 ms, for which chis Quadrant was made. 
Again, towards chree of the Clock in the afternoon che Three felt apon 
38 gr. 40m. and ſuchwas che Suns Alcicude ac chattime. 


— 


CHAP, IN. 
Of the ECLIPTICK; 


t. The Place of the Sun-being given, to find bl: Right Aſcenſion: 


| Tit Ecliptickishere repreſented by the Ark figured with che Chara- 
Rers of the 12 Signs; Y', B» 0» oc. each Sign being divided un. 
equally into 30 gr. and they are co be reckoned from-the CharaQer of che 


Let the. Thzed be laid on the place of the Suninthe Ecliptick, and the 
Degrees which ic cuttethin the Quadrant ſhall be the Right Aſcenſion re- 
Asif che | ay: the Sun given be the fourth Degree of 333 the Thred 
laid on this ree (hall car 62 gr. in the Quadrant, which is the Right 
Aſcenſion requed. . | ; 

But if the place of the Sun given be more chan $227: fromthe begin= 
ning of *, there muſt be more than 90 gr. allowed to the Right Aſcenk- 
on; for this Inſtrument is but a Quadrant, And fo if che Sun be in 26 gr, 
of $, you ſhall find the Thred to fall in the ſame place, and yet the Righr. 
Aſcenſion to be 118 gy. | 


2. The Right Aſcenſion of the Sun being. given, to. find his Place in the 
Ecliptick, 


Let the Thred be laid on the Right Aſcenſion in the Quadrant, and ic 
ſhall croſs the place of che Sun in the Ecliprick , as may appear inthe for- 
mer Example. | | 


CHAP; 


The Uſe of the Line of Dedlinugian? 
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CHAP. IV. 
Of the Line of Declination; 


T. The Place of the Sun being given, to find hl: Declination; 


HeLine of Declination is here drawn from the Genter to the begin» 
ning of the Quadrant, and divided from che beginning of Y. 
was 27 we: into Li BY + 3O Ws 
id, and the. Bead ſet onthe lace of the San in the 
prick TE a the Thred to the Line of ag 6 and there 
d ſhall fall upon the Degrees of che-Declinacion req 
wer if the place of "he Sun given be che fourth D Nas” E, 737 Bead 
firſt ſer ro this place, and then moved.co the Line of Dechination, thall 
= ſhew che Dedlination of che Sun at that time co be 21 gy, from ke 
UAtOor. 


2. The Deelination of the Sun bring given, to find bis plate in the 
Ecliptick. 


Let the Thred agd Bead be firſt laid co NEE HUI and then me- 
ved to the Ecliptick, 

As if the Declination be 21 gy, the Bead firſt ſer to this Declination, 
and chen moved co the Ecliprick, | hall] ſhew the fourth of gr, the 
fourth of @, the 26 of S, and che 26 of #7 and which of theſe four is 
the place of che Sun, may appear by the Quarter of the Year. - 


CHAP. V. 
Of the Clrcleof Months and Days. 


T7 Circle is here repreſented by the Ark figured wich cheſe Letters, 
F, M, 8, Js my fi ing (0. the Months Fanwry, "n+ 


March, Re: unequally 
the number heap! oy ns wen oe 


Ppp 3  ATable 
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A Table for the Inſcription of the eFfonth: in the Noftarnal, 
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1. The Day of the Month being giuen, to find the Altitude of the Sun 


Ler the Thred be hid tothe Day of the Month, and che Degrees which 


it chr@hinthe Quadrane haſt be the Meridian Alcicude requred.. 
As if che Day given be the, 15 of Af, the Thred Jaid on: this day 
ſhall car 59.py. 30-. in' the Quadrant, which is the Meridian Alcicude 


required, 
2. The Meridlan Altitude bring given, to find the Day of the Month. 


The Thred being ſer 261htMerittian Alciradey doth alſo fall on the day 
of che Month, Tor _ 
. « Asif cheAlritnde ar Noon be*5g/gr;'$0-mw: the Thred | ſer to his 

Akeudc, dorivfall ow the '15-6f Afay, 2nd theg of Jwly; and whichof 
cacſerwo 5 the true day, may be'known by the quarter of che year, or by 
another days Obſeryation. For if 'che Alrirude prove greater, the Thred 
will tall onthe 16 day of Xfay, and the $ of Fuly ; or if it prove ſefler, 
UC! the 


The Uſs of the Mdurrhnes $17 
the Thred will fall on the 24 of Afay, and the 10 of July; whereby the 
queſtion is fully anſwered, 


CHAP. VL. 
Of the Howr-lines. 


Hae Ark whichis drawn upon- che Center of the Quadrant by the 
begioning of Declination,.doth here repreſent che Equator : That 
Ark which is drawn by 27 gy. 30m,of Declination, andisnexr above the 
Circle of Months and Days , repreſenterh che Tropicks; Thoſe Lines 
which are berween the Equator and the Fropicks, being undivided, and 
numbred at che Equator by 6,9,8,9,10,11, 12 ; ae the Txopick by 
1,'2; 2, 4, &6. do repreſent the Hour-cigcles: That which is drawa from 
13 in che Equator to the middle of Juxe, repreſenteth che Hour of 12 95 
/Noon 4n the Summer yz and choſe which are drawn with ic to the right 
hand, are forthe Hours of the Day in the Summer, and che Hoursof the 
Night in che Winter : That which is drawn from 4 2 in the Equaror, to 
the middle of December, repreſenteth the Hour of 12 in the Winter; and: 
choſe which are drawn with 'it ro the lefrhand, are for the Hours of the 
Day in the Winter, and che Hours of the Nighe in the Summer 5 and of 
both cheſe, that which is drawn from 11 co 1 ſerves for 1 2-ia the fore- 
noon, and 1 in theafternoon z-that which is drawn from 10 to 2, ſerves 
for x0 in the forenoon, and 2 in the afternoon : for the Sun on the ſame 
day is about the ſame height two Hours before Noon, as two Hours after - 
Noon.. The like reaſon holdeth for the reſtof the Hours, 


1, The Day of the Month, or the Height & Noon being known, to find - 
the Place of the Swn in the Ecliptich. 


The Thred beifg laid to the day of the ml, or the height at Noon, 
(for one gives che other by the farmer Pr k hy. it croflech 
the Hour of '12, and ſer the Bead co ion ; then move the 

{hall fall on-che place of 


Then ill che Bead fall on che Ecliprick, 
Sun. - | } | 

Asif the day given be the 1 5 of Xfay, or the Meridian Altitude 59 gr. 
36. mw. lay the Thred accordingly, and pur che:Bead to che Interſeion of 
the Thred with che Hour of 12 then movethe. Thred cill che Bead fall 


on 


at - The Uſeaf dhe Miiw-lanes 

on the Ecliptick, and it hall there ſhew the fourth of 17, the fourth of 
4, the 26of &, and the 26 of yy ; and which of theſe is the place of 
the Sun, may appear by the Quarter of the:Year, or another days obſer- 
vations | 


2, T be place of the Sun in the Ecliptich bring known, to find the Day of 
the Month. | 


- 'Let ther Thred and Bead be firſt laid onthe place of the Sun im che Ech- 
ptick, and then moved to the Line of 12. 

As if the place'of the Sungiven be che fourth of 7, che'Bead being 
laid co this Degree, and then moved to the Hour of 12 inthe Summer, 
che Thred will fall en the 1 5 day of day, and the 9 of July; or if ic be 
moved to the Heur of 12 in the Winter,-the Thred will fall on the 6 of 
Fansary, and the 16 of November : which of 'theſe is the-day of che 

Month required, may appear by the Quarter of the Year, | ; 

In this and the former Prepofitions you have two ways to reRifie the 
Bead, by the place of che Sun, and by che day of the Month : the bercer 
way is by the place of the Sun.z for in the other, the Leap-year may breed 
ſome ſmall difference. | 

Thereis yet a third way :: For the Seamen having a Table for the De- 
clination on each day of che.year, may (ct the Bead thereto in the Line of 
Declination, 


3. The ' Hour of the Day being given, to. find the Altitude of the Sun 
above the Horizon. og mY f 


The Bead being ſet for the time by eicher of che three ways, let che 
Thred be moved from the Hour of x 2 toward che Line of Declination, 
cillche Bead fall on che Hour given ;z and the Degrees which it cuts in 
the Quadrant, ſhall ſhew che Alcicude of che Sun ac chat time. 

As if the rune gi zo of April, the Sun;heing chen in che 
beginning of x5, che reified, you ſhall find the Height ar 
Noon 5O-gr. © av. at 'f E moruing 48 gr. 12 w.-at-10 bur 43gy. 
F-2 99. at 9 but 36 gr, at- 7 £7-30m.at7 but 18 gr. 18 m.at 6 bur 
9 gr. at 5 it meeteth with the Line of Declination, and hath no Alcicude 
ac all, and therefore you-may think ir did riſe much about chat Hour, 

Then it you move the Thred again.from the Line of Declinativn .co- 
ward che-Hour of 22, you ſhall fad chat the Sun is 8;gr, 33 mw. below 


the 


The Uſe of the Hour-lines. 
the Horizon at 4 in the morning, and near 16 gy, ac 3, and 21 yy, g1aw 
at 2; and 25 gr-40 mm. at I, and 27, gr, at midnight, 


4. The Altitnde of the Sun being given, to find the Homr of the Day, 


The Alricude- being obſerved as- before,. let the Bead be. ſer for the 
time, then bring the Thred to che Alcitude,. ſo the Bead ſhall ſhew the 
Hour of the day. ; | 

As if the 10 of April, having ſet the Bead for the time, you ſhall find 
by the Quadraxt the Alticade to be 36 gr. the Bead ar the fame time will 
fall upon che Hour-line of 9.and 3 ;. wherefore the Hour is 9 in the fore- 
noon, ov 3 in the afcernoon. If the Altirude be. near 40 gr..you ſhall 
find the Bead at the ſamecime to falthalf way between the Hour-line of 
9-and 3,.and the Hour-line of 10 and 2; wherefore it muſt be either 
half an Hour paſt 9 in the morning, or half an Hour paſt 2 in the after- 
noon ; and which of theſe is the true time of the'day, may be ſoon 
known. by .a ſecond Obſervation : for if che Sun riſe higher, ic is the fore- 
noon z if it become lower, ic isthe afternoon, 


5. The Hour of the Night being given, to find how much the Sun it 
below the Horizon. 


The Snn is always ſo much below the Horizon at any Hour of -the 
Night, as his oppofite Point is above the Horizon at.the like Hour.cf. the 
Day ; and therefore the Bead being ſer, if the queſtion be made of any 
Hour of the Night in the Summer, chen move ic co the like Hour of the 
Day in the-Winter ; if of any Hour of che Night in Winter, then move 
ie to the like- Hour of the Day in Summer : ſo che Degrees which the 
Thred cutterh in the Quadrant ſhall. ſhew how much the. Sun is below 
the Horizon at.that time... 

As if it be required to know how -much the Sun.is below che Horizon 
the 10 of April ar.4 of the Clock in the Morning, the Bead being ſet to 
hisplace according to the time-in the Summer-hours, bring ic to 4 of che 
Clock in the afcernoon in che ,Winter-hours, and (ſo (hall you find the 
Thred co cut 8 gr. and abou 30 wv. in the Quadrant; and ſo much is 
the.Sun below 7 4 Horizon at that time, 


6; The- 
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6. The Depreſſion of the Sun ſoppefe 4, to give the Nonr of the Night 
with mu, or the Hour of the Day to owr Antipodes, i 


Mere alſo, becauſe the Sun is ſo mach above the Horizon at all Hours of 
the day, as his oppoſite pointis below the Horizon ar the like Hour of che 
Night; therefore fiſt ſer the Bead according to the time, then bring the 
Thred to the Degree of the Suns Depreſſion below the Horizon, ſo ſhall 
the Bead fall onthe eontrary Hour-lines, and there ſhew the Honr of the 
Night in regard of us, which is thelike Hour of the Day toour Antipodes. 

As if the 10 of April, the Sun being then in the beginning of yz 
and by {uppofition 8 gr.:30 mw, below the Horizon in the Eaſt, it be re- 
quired to know what time of the Night it is; firſt, ſerthe Bead accord- 
ing to the Day in the Summer-hours, rhen bring che Thred to 8 gy. 30 ms, 
in the Quadrant, ſo ſhall che Bead fall among the Winter-hours on che 
Line of 4 of the Clock in the afternoon : wherefore to our Antipoderir is 

of the Clock in their afternoon, and to us it is chen 4 of the Clock in 
the morning. 


7. The time of the Yeur, or the plave of the Swn being given, to | 
the beginning of Day-break , and end of Twilight. | 


This Propoſition differeth lirtle from the former: for the Day is ſaid 
to begin ro break when the Sun cometh to be bur 18 gy. below our Ho- 
rizon in the Eaſt; and Twilight to end, when ic is gotten 1Þ gy. below 
the Horizon in the Weſt : Wherefore ler the Bead be fer for the ume, and 
then bring,che Thred to 18 gy. in the nt, ſo ſhall the Bead fall on 
the contrary Hour-lines, and chere ſhew the Hour-of Twilight, as before. 

Soif it be required toknow at what time the Day begins to break on 
Sa0Q ef oth PHE being chen in the beginning of ys ; firſt, ſer the 
Bead _ the time in the Summer-hours,and then bring theThred 
to 18: gr. in the Quadrant, ſo thall the Bead fall among the Wincer- 


hours a little more than a quarter before 3 in the morning z and that is 


che time when the Day begins to break upon che 10 of vHpril. 


The Uſe of the Horizon. 


— 


CHAP. VIL 
< HO! Of the Herlzan. 
He Horizon is here repreſented by the Ark drawn from the beginniog 
of Declinaci _ the end of February, divided uacqually, 
and numbred by 10, 20, 30, 40, &c. | 


I. The Day of the Month, or the Place of the Sun being known, to flad 
the Amplitude of the Suns Rifing and Setting. 


Let che Bead reQified for the time be brought to the Horizon,and there 
it ſhall ſhew the Amplicude required, 

As if che day given be the 15 of May, the Sun being inthe fourth De- 
gree of It, the Bead reQtified and brought to the Horizon, ſhall there fall 
on 35 gr. 8», ſuch is the Amplicude of the Suns Rifing from the Eaſt, 
and of his ſetting from the Weſt ; which Amplicude is always North 
when the Sun js in the Northern Signs, and when he is in the Souchern 
Signs always Southward, bh £:: 


2. The Day of the Month, or the Place of the Sunkbring given, to find 
the Aſcenſinal Difference. % 


Let the Bead reRtified for the time be brought co the Horjzon, ſo the 
cut by the Thred in che Quadrant ſhall ſhew the difference of Aſ- 


Ons. 


Asif che day given be the 15 of May, the Sun being in the fourch De- 
gree of 1g, lec che Bead be reRified and brought to the Horizon z ſo ſhall 


the Thacd in the Quadrant thew the Aſcenfional difference to be 28 gr. 
and about 50 as. R 


Upon the Aſcenfional difference depends this Corollary. 


7 To find the Hewr of the Rifing and Setting of the Sun, and therely the 
length of the Day and Night. 0 


The cime of che Suns Riſing may be gueſſed at by the 3 of che laſt 
Chapter: but here by che Aſcenfional difference it may be better found, 


Qqq and 


r2t To find the Hour of the Night by the Stars. 
and that to a_ minute of time. _ For if the Aſcenſional. Difference. be. 
converted into time, allowing an Honr for 15 gr. and 4 Minuces of an 
Hour for each Degree, it ſheweth how long the Sun riſerh before fix of the 
Clock in the Summer, and after fix in the Winter, 

As if theday given be the 15 of Xfay, the Sun being inthe fourth of 
I, and his Aſcenfional Difference found as before 28 gy. 50 w. this con- 
verred into timE;makech 1 fv, and ſomewhar more chan 55 ms. of an Hour: 
wherefore the Sun ar that time, in regard ir was Saramer,roſe't ho, and fall 
55 ms. before 6 of theclock ; and ſo having the quancity of the Semidiar- 
nal Ark, the length of the Day and Night need nor be unknown, 


CHAP, VIIL 
Of the Five Stars. 
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I Might have pur in more Stars, but theſe may ſuffice for the finding of 
the Hour of che Night ar all cimes of the Year : And firſt I make 
choice of Ma Pegafs, a Star in the extremity of the of Pegaſic, in 
regard it wants buc &minutesof time of che beginning of F* ; but becauſe 
it is bur of che ſecond magnitude , and not always to be ſeen, I'made 
choice of four more, one for each quarter of the Ecliptick, as Oculm 5, 
The Bulls Eye, whoſe Right Aſcenſion converted into time, is 4 ho: 15 wv, 
then of Cor &,, The Lions Heart, whofe Right Aſcenfion is 9 bo, 48 »».* 
next of Arftarw, whoſe Right Aſcenſion is 13 hu. $8 wv. and laftly of 
Aquila, or The Vnultares Heart, whoſe Right Aſcenſion is19 bo. 33 m. 
Theſe five Stars have all of them Norchern Dectination ; atid if any 
ny ſome of theſc will-be ſeen at all times of the Year. The uſe of 
Mm 15z | 


The eAltitnde of any of theſe fre Star: bring known, to find the Hour of 
the Night. 0977 8 RY 

Fiſt, put the Bead to the Star which you intend to obſerves rake his 
Alitude,and find how many Fonrs he is fom the Meridian by the fourth 
Prop, of the fixchChap. then our of rhe Ripht Afcenſion of the Star, rake 
the Right Aſcenſion of the Sun converted into Hours, and mark the dif- 
trxence 3 for this difference bring 2ddrd to the obſerved Hour of the Star 
from che Meridian, ſhall ſhew how many Hours the Sun'is gone'from the 
Meridian,which is in cffe& che Hour of che Night, As 
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Asif the 15 of May, the Sun being in the fourth of 17, I ould ſer the 
Bead ro Hffurms, and ebferving his Altitude,ſhould find him to beinthe 
Weſt about 5 2 gr- high, and the Bead to fall on the Hour-line of 2 after- 
noon, the Hour would be 11 þo. 50 as. paſt noon,or 10 #v. ſhort of mid- 
night. 

For, 62 gr. the Right Aſcenſion of the Snn, converted into time, makes 
4 ho. 8 #v. which if we take out of 13 ho, 58 mw, the Right Aſcenſion of 
Arurns, che difference will be g bo. 50 ay, and this being added to 2 bo. 
the obſerved diſtance of fur from rhe Meridian, (hews the Hour of 
the, Night to be 1 1 ho, 5O w. Another Example will make all more plain, 

| Tf che gof Jaly, the Sun being then in 26 gr. of S, 1 ſhould ſer che 
Bead of Ocudms 15, and obſerving his Alcirude, thould find him to be in 
the Eaſt abour 1 2 gr. high, and the Bead to fall on the Hour-line of 6 
before Noon, which is 18 bs. paſt the Meridian, the Hour of the Night 
would be better than a quarter paſt 2 of theclock in the morning. 

For, 118 gr. the Right Aſcenſion of che Sun , converted inco time, 
make. 7 be. 53 »». chis caken: our of 4 be, 15 min, the Right Alccu- 
fion of Oculus ts, adding a whole Circle, (for otherwiſe there could be 
no ſubtraQion) che difference will be 20 bs. 23 ms. and this being added 
to 18 be. which was the obſerved diſtance of Oculw x from che Meridi- 
at, ſhews that the Sun (abaring 24 bs. for the whole Circle) is 14 $0.2 3 w» 
paſt che Meridian, and therefore 23 w. paſt 2 of the'clock in the morning. 

If the Neftwrnal be placed on the back fide of the Quadrant, you may 
avoid chis Equation of Right Aſcenfions. For knowing the crime of the 
Year when the Scar will be in the South at midnight, you may bring that 
time tothe Hour obſerved, then will the Day of the Month wherein you 
made the Obſervacion poinc at che Hour of che Night required, 

As in the firſt Example, where, on the 15 of May, the Bead ſer to Ar» 
Aruru fell on the Hour-line of 2 afternoon, becauſe Fr@wyw will be in the 
South the 1.4 of Oftober complete ar midnight, you may place the 14 of 
Ottober at the Hoar of 2, ſo the 1 5 of Afay will pointto 11 ho. 5018. ' 

In the ſecond Example, where the 9 of Fly the Bead ſer ro the Bulls 
Eye fell on the Hdour-line of 6 before Noon, becauſe the Bulis Eye will be 
in the South che 16 of Aſa coniplete at midnight, you may turn the 
I6 of Mayto the Hour of 6, and ſo you ſhall find the 9 of Fly to point 
2 bs. 23 wv. as before. hy 


Qqq 2 CHAP. 


The Uſe of the Azimurh-lines, 


—_ — 


CHAP. IX, 
Of the eAzimuth-liner, 


Hoſe Lines which are drawn berweenche Equator and che Tropicks, 

on that fide of the Quadranc which is neareſt unco the Sights; and 

are numbred by 10, 20, 30, &c, do repreſent the Azimuths ; the urrer- 

molt cowards the left hand repreſencerh che Meridianthat which is nnm- 

bred with 10, che rench AZzimuch from the Meridian ; and that which is 

numbred wich 20, the twentieth : and ſo-che reſt, Thoſe Eines which 

are drawn from the Equator co the lefr hand; do ſhew the Azimnth in the 

Summer ; and thoſe other to the right hand do ſhew the ſame in the Win- 
ter- The Uſe of themis: 


+ The Auimath whereen the San beareth from ws being hnavn,' to fad 
the Altitude of the Sun above the Horizn, "ot # 


Firſt, ler the Bead beſet for the times asin the farmer Chapter ; then 
move the Thred until the Bead fall on the Azimuch: ſo che Degrees whickt 
the Thred curreth in the Quadrant ſhall ſhew che Alricude of the Sun-at 
that time.. Where you are to obſerve, That ſeeing che Azimuths are drawn 
on the right fide of the Quadrant, you are alſo co begin co number the 

of the Suns Alcicude from the right hand coward the left: As if 
the Sights had been ſer onthe Line A B, and you had turned your right 
hand cowards the Sun in obſerving of his Alarude, contrary to our pra- 
Rice in the former Chapter. | 

Asif cthetime. given were the 2 of Avent, when the Sun- bath abour 
+5 g7, of North Declination, you may ſer the Bead for the time, ſo you 
ſhall nd the Height at Noon, when the Sun is in the South, to be 53'g-. 
30 ws, when he is 10 gr, fromthe South 53 gr. 10 wv. when 20 gy. chen 
about 53.97. 8 mw, when 30 gr. then 50 gr.20 wv. when 40 gr, then 47 gr. 
48 wv. when 50 gr. then 44.87: 12 . when 60 gr. then -39 gr. 35 w.when 
70 gr. then 33 gr.50 w. when So gr. then 27. gr. when heis in the Eaſtor 
Wa 90 gr. from the Meridian, then is the height acar-19 gy. 20 w. when 
he comes co be 106 gry. chen 11 gy, 15 av. when 110 gr. 3.27- 20mm. 
and before he cometh co the Azimuth of -3.20 gr, he hach no Alcicude. For 
che Sun having t 5 gr. of North Declination, will riſc and ſer at 114 gy. 
34 mv. from the Mcridian. | The 
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2. The eAltitnde of the Sun bring given, to find on what Azimonth he 


beartth from nm. 


Let the Bead be ſer for the time, and the Alticude obſerved as before ; 
then bring the Thred to-che Complement of that Alticude, fo che Bead 
ſhall Chew che Azimach required. 

As if theſecond of Avguff, having (et the Bead for the time, you ſhall 
find che Alticude 6f the Sun to be 19 gr. 20 w. remove che Thred nnro 
70 gr: 40 ms. the Complement of the Altitude z or, which isall one, co 
19 87,20 w.fxom-che right hand coward_the lefr, and the Bead will fall 
on the Line of 90 &: from the Meridian; and therefore the Poine where- 
on the San bearech from us is one of theſe rwo, cither duc Eaſt, or due 
Weſt : And which of theſe is che true Point of: che Compaſs, may be. 
ſoon known by a ſecond Obſervation z for if the Sunriſe higher, it the 
forenoon z- tf 1u-be lower, it is the afternoon. 

By knowing che Azimuth or Poine.of the Compaſs whereon the Sun-. 

from us, it is cafie to find, 


eo Meridian Line, and thereby 
The C oefing of the Conntrey, 
The Site of a Building, 

v The# ariation of. the Compaſe.. 


As if the ſecond of Awgaft in the afcernoon I (hould find by-the Height 
of the Sun that he bears trom me 60 gr, from the Meridian toward the 
Weſt; then there being go gy. belonging to cach quarter, the Weſt will 
be 3® gr.to the right hand ;- che Eaſt is opaliice to che Weſt, the Narth 
and Sourh lie equally berween chem. 


"7 


CHAR X, 


Of the Quadrat. 


6 Quadrat hath two Sides divided ; the other. two Sides next the 
Center may be ſappoled to be divided eachivf them inco 200 equal 
ol {9 ne x is next wr ramen line contains che parrs of Righe 
w ; the other next the Sights, the f Cor - 
Ukeof the Quai be © ghrs, the parts of Contrary Shadow, The 


T. Any 


" i26 © Thi Oferf the Onadrat: 
I. Aw Polut being given, to find whether it be level nith the Pye, 


Lifrup the Center'of the Quadrant, ſo as the Thred with che Plum- 
mer may play eafily by the Side of ie: then Took chrough the Sights co 
the Placegiven; for now if che Thred (hall fall on A B che Horrontal- 

_ Line, then is the Place given level with the Eye: But if it (hall fall within 
the ſaid Line on any of. che Divicgons, then it ishigher z if without, chen 
it is lower than the level of che Eye. 


2. To find an Height above the Level of the Eye, or a Diſtance at one 
Obſervation. 


Leok through che Sights to the Place, going nearer or farther from it, 
till the Thred fall on 100 parts in the Quadrac of 45 er. in che Quadrant, 
ſo ſhall the Height of che Place above che Level ot che Eye, be equal co 
the Diſtance between che Place and the Eye. +1: 2 cs 

IF che Thred fall on 5e partsof a Right Shadow, the Heightis but half 
the Diſtance : If it fall on 2g, it is a quarter of the Diſtance ; if on 75, 
it is three quarters of che Di ; For as ofras the Thred fallech on che 
parts of Right Shadow, 


1 100, to the Parts on which the Thred falleth : 
So is the Diftexct, to the Height required, 
And on the contrary, | 
As the Parts cut by the Thred are to 200 : 
So the Hiight, unto the Diſtance. 


Bur 
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" Bat when the Thied (hall fall on the parts of Contrary Shadow, if it 
fall on ge parts, che Height is double unto the Diſtance 3 if on 25, it is 
four ringes as much as the Diſtance. Por as oft as the Thred falleth on the 
parts of Contrary Shadow, : 
At the Parts cut by the T bred, are wnto 100 : 
So 1s the Diſtance, wnio the Height. 
And on the contrary, | 
As 100, are unto the Parts cut by the Thrid: 
S9 is the Height, unto the Diſtance. 


And what is here ſaid of the Height and Diſtance, the ſame may be- 
underſtood of che Height and Shadow. 


| 3. To find a Height or a Diſtance at two Obſervations. 


As if the Place which is to be meaſured might not otherwiſe be af- 
proached, and yet it were required co find the Height BC and the Di- 
ſtance : Firſt, I makechoice of a Station ar A, where the Thred may fall 
on 100 parts in the Quadrat, and 45 gy. in the Quadrant, the Diſtance 
A Bwill be equal ro theHejghe BC + then if I go farcherin-a duet Line 
with the former Diſtance, and make choice of a ſecond Station at D,where 
the Thred may fall on 50 parts of Right Shadow , the Diſtance B D- 
ſhould be double to the Height BC; wherefore I may meaſure the dit- 
ference between the two Stations A and D, and this difference D A will 
be equal both co the Diſtance A FP and the Height B C. 

Or if I cannot make choiceof Fe I rake ſuch as I may, one 
at D, where the Thred fallech at 50 partsof Right Shadow ; the ſecond at 
E, where it falleth on 4o parts ; and ſappoſing the Height B C co be 100, 
I find char, 


At 50 Parts are unto 100, the Side of the Onadrat : 

So 100 the Tuppo[ed Height, wnto 200 the Diftance D B. 
Hnd as 40 Parts at the ſecond Station, wnts 100 : 

Ss 100 the ſuppoſed Height, wats 250 the Diftance B E. 


Wherefore the difference between the Stations DÞ and E ſhould ſeem 
co be 50; and then if in the meaſuring of it I ſhould find-it.co be\ either 
more or leſs, the Proportion will hold, As from the fuppoſed Difference, 

| ro 


- - — - << — — ww 


—_— IN 


1 The Ofeif the Quatre. 
& che meaſured difference z ſofrom Height to Height, and from Diſtance 


to Diſtance. 
As if the difference hbes the ewo Stations D and E being meaſu- 
red, were found to be 30, 


At 50 the ſuppoſed difference, unts 39 the true differ ence : 
{ $o 10d the wppoſed Hei \ ante Go the tae Halels 2 
And 200 the ſuppoſed Diſtance, unto 120 the true Diſtance : 


And 250 at the ſecond Station, wnte 150 the Diftance BE, 


The like reaſon holdech in all other Examples of this kind,” And if an 
Index wich Sights were ficted co I ns ic might chen ſerve 
' by che ſame reaſon for the finding of 
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A SECOND 
APPENDIX 
CONCERNING THE 
DEsCRIPTION and UsEs 

OF ANOTHER 14, 
UADRANT, 
Fitted for Daily Practice ; 


| For finding the 
HOURad AZIMUT HB, 
| AND 


Other things of the Suns Courſe, in reference to the : 
Horizon; - with New Lines, ſerving to the fore» 
mentioned, and other Purpoſes, more accurately. 


'h 


Invented by Mr: $ 4234. FOSTER, ſometime Profeſſor 
of Aſtronomy in Greſham: College. 


ns 


— — 


The Deſcription of the QU ADR ANT. 
( } nin: the Making and Uſe of this Quadrant, you are to 


underſtand, Thar the Hour and Azimuth- lines are like choſe 
chat are ſeen upon the former Quadrant, and the Uſes are (moſt 
parc) the ſame ; and therefore we lightly paſs chem over, as is ſecn in the 
Rrre ſecond 


of the 
QUADRANT.. 


The Backſide 
of the 


The Forefide T| 
\ 


[= 
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QUADRANT. | | 


Of the Quadrant. 
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| The Uſes of the Quadrant. FSI 
ſecond Propoſition : Bur the diſtance berween the EquinoQial and the 
Tropicks is here ſhortned, to the end that more room might be gained 
-above, for the berrer placing, aud the more exaQt dividing of the Equi- 
_ noQtials, which :n'{mall Inſtrumencs may be divided to each ſecond De- 
gree; andin larger, to cach fingle Degree. 

If it be required ro make theſe yer larger , then may the fore- 
mentioned Azimuch-lines be left quite out : for the uſe of them, as 
they are here deſcribed, is of ſmall moment, very hardly making 
good the Suns Coaſt to one entixe Degree ; and for ſerious PraQtice, 
the new Lines added are far more ſufficient, If this be granted, then 
may the Equinottial ftand below, by which means they ſhall become 
large enough , even in ſmall Inſtruments. Eſpecially this may moſt 
fairly be done, if the Hour-lines be reverted, by changing che Places 
of the EquinoQtial and Tropicks ; that is, 'if the EquinoQtial Alti- 
rudes be inſerted below , on the Circle neareſt che Limb, and the 
Tropical Alcitades above; in the Circle neareſt co the Center, Thus 
barutg mare large, they will ſupply all intended purpoſes very 
well. 

There is-no Scheme given of this change now mentioned , nor of 
the Vulgar Heurs and Azimuchs, becauſe thoſe Lines are well enough- 
known already , and this mutation 4s cafie to be underſtood : Bur 
for the inſcribing of the new additional Liness. rake theſe following 
Tables and DireQtions. : . 


> — — — _—_—_—_—_— —_— dt — =— WS — YT = _— 


How to inſcribe the Additional Lines upon the 
Q#XADRAMNT. 


I. For the Liges 0n the Forefide. 


He rwo Equino&ials D C and 'E B, the one for the Hours, the 

orher for the Azimarhs, axe to be divided from «<> equal Limb 

by help of the following Table; and are beſt co be numbred” from 
the clolgſt parts of them to the wideſ}, as is donega the Figure, 


Rrr 2 | A Table 


132 Toinſeribe the Additional Linej on the. Quadrant; 


'A Table of Equineftial Altitudes, both for Howrs and 
Azimmhs, which are to divide the EquinofHal. 


| 


: Degrees mpon the Degrees mpon the 
Equal Limb for Equal Limb for 
the the 

FRASPT) ; | AS! 
| _ Hours. | Agimuths| Hours. |Aximuths 
Deg, |D. M.}D. m. Dee. jD, MJD. M. 
a1 4,595 36 48 [27 33130 35 
412 29] 3 11 50 [28 29131 21 
| 63 44] + 45 52 [29 23]32 4 
8 | 4, 58] 6 19 54 [39 14132 46 
io | 6 12] 7 52 36, 131__ 4133 _24/ 
Tz:17 27.9 23l I. 58 131 52134 © 
3 14 | 8 39110 54] | 60132 37134 34 
| E 16 | 9 $3112 +22 I 62 [33 21135 F 
|® 38 It 6113 49 Fs I135 34 
(4 20 j12 18115 13] jw _66 134 40136 _ © 
"22 |13 29]'6 36] |& 68"j35 15}36 25 
2 24 [14 40[17 56] |e 70 |35 48136. 47 
'Þ 26 IF gojlg 13 S 72 [36 18]1379 6 
E 28 I7 ol2o 29) IS 74 136 45137 24 
£ 3O 18 8[21 41} $76. 37 ' 10[37 40 
32 [19 16[22 ,51] |R 78 [37 31137 53 
l 34 [20 22]23 ' 59 80 [37 49}38 . 4 
36 j21 28|25 "14 82 138 3138 14 
38 [22 3226 5| 84 138 15138 21 
| 40 |23 35127 Fj 86 138 23138 26 
"iz 124 | 37j28 + 2 887138 28138 29 
' 44 $25 37128- 55 -90 [38 30138 30 
46 126 36]29 47 | | 


\The two EquinoRials being divided, 


I. Make EN parallel to AC, andOD parallelco AB, 


2: Make 


' 


T? inſeribe the Additional Lines on the Quadrant, 1137 
" 2, Make E Na Tangent of 45 deg. or Radime ; then (hall A'M be the 
Co-rangent of the Latitude, viz. in our Example 38 deg. 30 m. 

3. Make N A Radims ; then ſhall A ÞP be the Tangent of 23 deg. 30m. 
and che Line A P to be ſo divided into 23 7 Parts. 

4. Making'A M equal to the Co fine of che Latitude, A © (hall be 
the Sine of che Laticude. 

5» Make A X equal co AM on both fides. | 

6, Make a @ perpendicular to A 60; and A « equal ro AN. 

7. Aris the half Tangent of 7 deg. 

8. M A being made the Co-lecant of the Laticude, find the Radim 
thereunto belonging, which Radizs make a Tangent of 45 deg. chen are 
che Hour-points upon the Side A C the. reſpe&tive Tangents of 15, 30, 
45, and 60 deg. 

9. Draw rs from the middle Point of MA, and draw the fifth 
Hour from M parallel tors: And all the reſt of the Hour-lines maſt 
be drawn from their ſeveral Points ro M as their Center, The Line of 
6.is drawnfrom the Center M, perpendicular to A B, or parallel co A C: 
And all che other Hours bend 6 may be tranſferred by a Bevel Square. 

10. The double Square of 23 & equal gr. is done thus : 

Add 20 gr. to the EquinoCtial Altitude ; inſert the Sum, and the 
Equinotial Altitude : Divide che intercepted -Arks into 20 <qual parts, 
ro which add 3 and a half of the ſame parts. . This is to be fer both 
ways from the EquinoQial, upward and downward, which the inſerted 
Tables will help you to do. 


p 


II. For the Lines on the Back fide. 


1, On the Back-fide, let the Points M and'@ change Places (or be fer 
contrary to what they are on the Fore-fide) and then all the other Work 
( for the manner of it) is the ſame as on the Foreſide.. 

2, For the reverted Hours, take every Hour-point (upon A C) from 
A, and turn it twice upon the 6 a clock Line from M, through which Points 

"(and their Correſ = 19 on the Line A C) draw the reverted Hours. 

3. The Scales for the Suns Declination, and Months, are inſerted from 
ſuch Tables as are common. | 

4+ The Limb for the Slope-hours may be about a ſeventh or eighth part 
of the Radius 3 and the Marginal Diviſions numbred 1, 2, 3, 4, 5,6, &c. 
for Scars, muſt be pur in by that Scale of Declinations according to which 
you pat inthe Hours and Azimuths: And the Scars may be ſuch as inthe 

following, 
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following Table, or ſuch ocher as any thall deſign ro uſc ; but choſe were 


conceived by the Author to be as ſele& as any, they being (one or more of 
them) always in yiew, and fic for obſervation, 


N | ___ Names. | R-Aſc. |Declin, |_M_| 
5 [Exira ale Peg. + 30 26 13 27 2 
| 6 ICanda Leonis |. I 28116 25| 1 | 
5 | Cor Leonis " -Ii6 M3 27 T2 |} 
3 [Os Pegaſi 1s 58138 143 
3 |Aquua \ 13 M0 8 14] 23 
q_|Z Proc)on 3s 43] 6 3] 1 
2 "Dex. Hum. Orion 0 48 7 ag 2 
4 jCap. Ophis. $0 - 2aj13 val 3-1 
2 | Med. Nex. Coll. Serp. (63 58] 7 241 2 | 
9 {Lucida Pleiad. 6s a3 i H- +>. i 
8 jArftuars: [4 $3120 58] 1 
7 Conn V prec.. ji 3117 49] 4 


Eon Th Conſfruftion of this Quadrant, as it is thus weteworbhoſed, 
was communicated by Edward Page, living at the Sign if the 
Sugar- leaf in Hoſier-lane, who maketh this and all Mar 


thematical Inflruments. 


___ 


—— T — — 


FF otherQyadrants were thought complete in uſe,this will be found much 
more copious: For it ſerveth not onely to find the Hour of the Day 
by che Sun, of che Night by che Stars, and what elſe belongs to cheir Ri- 
ſings, Settings, Amplirudes, &'c. bur is very well fitted alſo co deſcribe all 
che moſt uſual ſorts of ſtanding Dials ; that is, all that are upright, or 
_ elſereclining oxinclining to the full Eaſt and Weſt ; which two ſorts will 
* furniſh many kinds of ſuch Bodies as are regularly formed. Theſe are 
here performed by very cafie and familiar ways of working, The No- 
Aturnal for che Hour by the Stars, is more expedient in this chan in other 
Quadrants : For in judging of Time onely by che Appulc of the Stars 
to the Meridian, and finding that Meridian coo __ by a rude conye- 
ture from che North-Star, an errour of a quarter or half an Hour is cakily 
unawares committed, This cannot be ſo heres if any ordinary m_—_ 


The Uſes of the Quadrant; r25: 
had in taking the Scars Altirnde. For this purpcſe there are rwelve ſe- 
le& Stars inſerred, all of them of North Declinarion, lying berween the 
EquinoQial and che Tropick of Cancer ; and in ſuch diffcrence of Right 
Aſcenſions, as that one or other of them w1ll be always in ſach conveni- 
ent place of che Heavens, as from whence che Hour may very fully be col- 
leQed every Nighe throughout che whole Year. Since therefore they arc 
{o convenient for aſe, there would be a lircle more diligence uſed ro come 
to the knowledge of them in the Heavens, that due Obſervations may be 
made whenſoever any of chern ſhall be in view. If any defire that other 
Stars (ſuch as are better known to them) ſhould be inferred, they may 
have their deſire cafily fulfilled : Onely chey muſt rake care, that the Stars 
be ſuch as fall berween che Tropicks in the Heavens, and chiefly berween 
the Equinotial and North Tropick, becauſe ſuch Stars are longeſt in view, 
and their Hours beſt fonud. The Propoſitions that are here ſer down, 
mighr have been encreaſed both in number and im variety of performance, 
if perplexity had been affeted ; bur ſuch of them, and ſuch ways of ef- 
fecting them, arc here picched upon, as ſeemed moſt conducible for daily 
uſe. And for the ſame reaſon it is, that the ſeveral Lines upon the Qua- 
drant are denazed by Letters onely, char by ſach brevity all unneceflary 
circumlocution might be raken oft, which, by impoſition of Names to 
each of them, could not ſo eaſily have been avoided. 

Tf che former Quadrant have hererofore found good acceprance,becauſe 
it is of ſome good uſe, I doubt: not bur a greater proportion of thanks. 
will be given from the Ingenious, for making publick this larger Improve- 
menc of chis Inſtrunfene. 


The USES of the QUADRANT: 
I. To find the Sun: D:clination. 


* Ay the Thred tothe Day of che Month upon the back-fide of the 
Quadrant, and ic will ſhew youche Declination of the Sun in char 
unequal Scale, which is numbred with twice 3. If your Day fall in che 
upper Scale of Months, (which may be called the Summer-ſcale} hen is 
the Declination North : -IF it fall in the lower (or Winter) Scale, the De- 
clination is South from the EquinoRial, 


Thus upon 4pril 20. you {hall find che Sun to decline 15 gr. Norths ; Ly 


ward ; .and Jaxwary 30. it declines about 14 gr, 30 mn, Soaferend. & 
| : 
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C The contrary Work is cafie; by aſſigning the Suns Declination, to 
know on whatDay of the Month the ſame ſhall be. For the Thred may 
be laid to the Declination in two Places, in both which ic will croſs the 
two half years, ſhewing two ſeveral days on which the Sun {hall have (o 
much Declination North z and two days more , on which ic ſhall have 
thar Declination Sourhward. Ir will be eafie to diſtinguiſh which of 
theſe days ſerves your purpoſe, by the two Seaſous of che Year, unto 
which che two Scales of Months do anſwer, 


II. To reflifi: the Bead for Obſervation of Hour or Azimuth ; and 
to perform thoſe things that are done by the uſual Lines wpon the 
Quadrant, 


Aving found the Suns Declination for your Day, you muſt count 
the ſame upon the double equal Scale which is on the fore-fide of 
the Quadrant, namely, from the middle of it rowards the right hand, if 
the Declination be Norch, or towards the lefc hand if it be South, The 
Thred being laid thereto, you- muſt move the Bead cill it fall juſtly upon 
the Hour of 12, fo (hall ic be ſer right for the incended uſes of that day 
As, . , | 
I. For the Howr. If you obſerve che Suns Alcitude (by letting che'Sun- 
beams to ſhine through the Sights, and the Plamamet to hang at full li- 
bercy cloſe to the Plane of your Quadrant) the Bead will ſhew the Hour, 
if: you have reſpeR to che time of ghe Year : Thar is, If che Suns Decli- 
nation be North, the Bead ſhewsthe time of the day among the Summer- 
hours, thoſe which ſpread from the EquinoQial cowards the right hand. 
If che Sun decline South, the time muſt be accounted in the croſs Lines, 
whichrare the Winter-hours. And in-chis Obſervation you, ſhall ſee the 
Thred cocur [in' —_— Limb) che Suns Alricude above the Horizon. 
T.us at Londoy, it the @ decline-15 gr. Norchward, and the Alci- 
rude were 9 & gr.. the Hour would be about a quarter before 6 in che 
Morning, or 2 quarter paſt 6 in che Evening. But if che Sun had che 
{ame Declination Souchward, and the ſame Alcitude alſo, then would the 
time be half an Hour paſt $ in the morning, or half an'Hour paſt 3 i the 
evening. The former of chele times is ſhewed by the Bead among che 
Summer- hours, the latter among che Winter-hours. | 
2. For the Azimmth, If the Suns Alcicuade be numbred the contrary 
way-in the equal Limb, and che Thred be laid chereto, che Bea&'will then 
 ſhew che Azmuhof che Sun, if you account it according othe time —- 
-- the 
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To reitifue the Bead, and find the Amplitude: x37 
the Year z that is, among the Summgr-azimutchs when the Sun hath 
North-declination, and among the Wincer-azimuths when the Sun de- 
clines Souch. The Summer-azimuths are 'choſe chat ſpread from the 
EquinoRtal cowards che left hand ; the other croſſing chem are che Win- 
ter-azimuths. Thus if the Suns Declination were 8 gr. Northward, 
and the Alcicude 18 gy. the Azimuth would be $0 gy. trom che South : 
Bur if the Sun had $7. of South Declination, and 18 gr. Alcitude, che 
Azimuth would be 50 gr. from the South here ac London. This way 
may (erve for gro(s 4.2 4 when the Azimuth is required onely within 
one or two whole Degrees. You ſhall find it done more accurately, and 
for bercer purpoſes, in the chirceenth following. 

3» For the Aſcenſfional Difference. The Bead being reQtified as before, 
and-applicd co the left fide of the Quadrant, gives the Aſcenfional Dif- 
ference, or the time of Sun-rifing and ſetting, before or after 6 a clock, 
among. thoſe Hours and Quarters which interſe& each other upon the 
ſame left fide of the Quadrant, if you count them agreeable ro the time 
of the Year: Aud from the Bead to the Line of 12, rightly taken, ac- 
Purge, to your time of Summer and Winter, gives the Semidiurnal 
Ark of the Sun, or half the Days length : ——As alſo, from the Bead 
to the other Line of 12, which ſerves for the contrary time of che Year, 
gives the SemineQurnal Ark, or half the length of the Night, ——Thus 
if che Suns Declination were 14 + gr. the Afſcenſional Difference would 
be x Hour and 4 of an Hour: And if theſaid Declination were North, 
then the Sun riſeth that day + of an Hour before 5, ſerrech 4 afcer 7. 
The Semidiurnal Ark (from che Bead co the Summer 12) is 7 4 Hours. 
The SeminoRturnal Ark = the Bead to the Winter 12) is 4+ Hours. 
Theſe doubled make the day 14 4 Hours long ; the night 9 4 long 

4+ For the Amplitade, The Bead applied co che right fide of the Qua- 
drant, gives the Amplicude of Sun-rifing and ſetting in all varieties: 
Namely ; From the - Bead to that South-azimuth which is proper to the 
Seaſon of the Year, is the Amplitude from South ; asalfo, to the contrary 
Sourh-azimuth, gives the Amplicude from Norch : ſhewing how man 
Degrees of the Horizon the Sun riſcth and ſerrech any day from the: j 
Souch or North, So from the Bead to the Eaſt and Weſt-azimuth (which 
is the ninetieth Azimuth) gives the Amplirude from Eaſt or Welt. _—-— 
Thusif che © decline 14 + gr. the Amplicude is here 23 4 gy. almoſt. If 
the Declination be North, then is this Amplicude from Eaſt and Weſt 
towards the North 23 4 Degrees. The Amplicude from the North ie 
ſelf is rhen 66-4 gr, From che South point of = Horizon itis113 3 gre 

Sf ou 


238 Tv find the beginning and endof Twilight: 


You may eafily (in ſuch manner) account it for South Decliaations of 


the © 
V. To when T wilight begins in the Morntng, and ends at Evening ; 
ES are - 4 two utmoſt Terms of Dark Night. "x 


Peer the Bead is reQified for your Day, the Thred laid to 18 gr. in 
che equal Limb, will ſhew che Hour or part required, Oaly here 
remember to rake your Hour aright : Nam«ly, in Winter cime look 
among the Summer-hours, where ic is that che Bead reſtech ; for chac is 
the Morning or Evening Hour of Twilighc : So in Summer time you mult 
Jook among the Winter-hours ——Thus when che Sun declines £1 47 gre 
Souchward, che Twilight begins ar Londen ac 5 in the morning, and cnds 
at 7 a clock at night, as the Bead ſhews among the Summer- : Bur 
if that Declination were North, the Twilight would begin at + of an 
Hour before 3 in the merningy, and end at 4 after 9 at night,—— —EtThe 
Suns depreſſion 18 gr. under che Horizon, is the uſual Term whereon to 
begin and end che Twilight, You may as well do this co | 2 
Light, asto 13 or 13 Degrees depreſſion z ar which time in the morning 
all chings begin co be viſible, and the Light to be of ſome uſe. As. if the 
Sun decline 3 4 gr, Southward, if you fer the Bead thereto, and then lay 
the Thred at 12 gr. in che equal Linab, you ſhall ſee che Bead (among 
the Summer-hours) fall upon 5 in che morning, and 7 at night ; ſo that 
at 5, and cill 7, there isa reaſonable degree of Light. Or if in Summer 
the © had declined 9 4 gr. Northward, the ſaid degree of Light would 
begin at 4 in the morning, and end at 8 in che evening, Near to 
the longef days you ſhall find no Twilight at all, according co 18 De- 
greesdepreſſion of © under che Horizon z for they the Bead will fall be- 
yond che Winter 12 a clock Line, 

q Theſe are the chief Uſcsof the Hour and Azimuth-lines , as they * 
are here, and in all Quadrants commonly inferred, There are other 
things, concerning the Suns place in the Echprick, the Suns Dechnacion, 
the Suns Right Aſceafon: Namely, How by having any one of theſc, 
w find ou che reſt. —Thele are here. omitted, as matters onely of curio- 
ficy, being of ao furcher uſe in this Inftrumear, than that chey may be 
known: Yer if any ſhould defire them, they may havea Scale of che 1 2 
Signs inſcribed on the back fide, by help of which, the forc-named requi- 
fares may be attained. p 

The Parciculars chat follow arc moſt aimed at, {45 bring more of 


them, 


To find the Aſcenfionel Differences and amplitude, Tis 
chem, and more accurate) and therefore the precedent things are chus 
briefly paſſed over. 


III. To find the Suns Aſcenfional Difference, 8c, 


Oant the Declination in the equal Limb from Fco K: The Thred 

there laid gives BS the Aſcenfional difference :— The ſaid Aſcenfi- 

onal difference gives the times of Sun-rifing and ſetting before and after 6, 

with the lengths of Day and Night, The ſame may be done for all Stars 
whoſe Declinations are known. 

q So by having the Aſcenſional difference, you may find the Suns De- 
clination thereunto belonging, 

Here at London, if che Declinntion be 20 gy. che Aſcenfional difference 
iS 27 g7. 14 wm. thatis1 bo. 49 w. And if this Declination be North, the 
Sun riſeth 1 hs. 49 m. before 6, and ſerrech ſo much after 6: chat 1g, ir 
riſeth 11 av. after 4 in the morning, and ſettech 49 mv. after 7 a clock ar 
night : And the timeof ſercing being doubled, gives 15 bs. 38 wv, for the 
days length : The cime of riſing being doubled, gives $ ho. 23 ws. for the 
length of che night. Bur if the Declination had been South, the Sun 
ſhould riſe 1 bo, 49 w. after 6, (that is, at 7, 49 ws.) and ſhould ſer 1 ho, 
49 m. before 6,(rhac is,ar 4,and 11 #s.) and the day would be $ he. 22 m. 
long ; the nighe, r5 bo. 38 9, 


IV. To find the Sun: eAmplitude, 8c. 


{ the Declination in the equal Limb from Gro H; The Thred 
chere laid gives CR for the Amplitude. —The ſame may be done 
for Stars whoſe Declinacions are known. . 

q So by having the Amplicude, you may find the Declination : For if 
the Amplitude be counted frem C to R, the Thred laid at R gives the 
Declination G H, | 

Art London, if the Declination be 20 gr, the Amplitude is 32 gr, 20. 
from the Eaſt and Weſt Points of che Horizon, 


V. Having the Declination of any upright Plane, to find the Elevation 
of the Style, &c. 


| ge the Thred co the Planes Declination, counted from D co R : fo 
will G H be the Elevation. 


7 ny q So 


* 140 » Propoſitions in Dialling. | 
@ So by having the Elevation G H, you may find D R che Declination, 
If an Ju Plane (here) decline 20 gr, che Styles Elevation will be 

35 &7- 48m. | 


. VI. To find the Defleftion, &c. 


'®;-5 the Declination from B to $ : The Thred there laid gives F K 
the Deflexion, | | | 

& So by having F K the Deflexion, you may find BS the Planes De- | 
| clination. 


If a Plane declining 20 gr. the Deflexion is 15 gr, 13 99. 
VII. To find the Difference of Longitude, &c. 


I, Ount che Elevation from FcoK: ES is the Difference of Lon- 
gitude, . 
2. Count the Deflexion from Gto H: CR is the Difference of Lon- 
guude. "0 
4 By the contrary Works, having the Difference of Longirude, you 
hea find the Elevation and Deflexion. = 
A Plane declining 20 gr. hath 25 gr. difference of Longitude. 


VIII. To make an Horizontal Dial, 


1, { NOunt the Hour from E toS; the Thred laid atS gives F K. Then 
count G H equal ro FK; the Thred at K laid gives D R, the 
ſpace of that Hour from 12. : 

2. Count the Hour from CtoR, and by help of the Thred you ſhall 
haveGH, Then count PK equal roG Hz the Thred laid at R, gives 
BS for the ſpace of chat Hour from 7 2. | 

3- Vigh a pair of Compaſſes take the Hour from C co R,and ſet it om 
Bro $7 BS is the Space or Angle of that Hour from 112. 


4. Take wich your Compaſſes the Hour frem E co $, and ſet it from D 
"x R : So the number DR ſhews. how many Degrees that Hour muſt be 
om I 2. | 
By all theſe ways (here at London) che third Hour will be found about 
38 gr. from 12, Thereſt will be jg like manger found according to their 
true quantities. oY 


IX. To 


Prop "* 4 Dialli G N: I r4x 


IX, To find what Angle any Howr circle maketh with. the Hurizon, or 
any Azimuth makes with the Equine#lal. 


Er che numver of the Hour-circle (or Azimuth) from South, be 
counced from C to R ; the Thred laidatR will cuc che equal Limb 
in H, and F H will be the Anglerequired. 
q By the Angle known, it will be cafie, by the contrary Work, to find 
the Hour (or Azimuth) to which that Angle belongerh. 
The third Hour (or 45 Azimuch) makes wich cheHorizon-(or with the 
EquinoGtial) an Angle of 36 gre.55 mv. here at London. 


X. To find what Ark of any Hour-circle is intercepted betmeen the Equi- 
woftial ( or any Parallel) and the Horizon. 


A Oant the number of the Hour-circle from South, from EtoS, or, if 
it be above go, from E co Band back again to : So F K inthe equal. 
Limb will be the Ark required, berween the Equino&'ial and Horizon. 

The Ark intercepted berween any Parallel and the Horizon, may hence 
alſo be found.—If the Declination of the Parallel be Norch, and the Hour 
be berween 12 and 6, add the Declinacion cothe Ark found by the former 
Work : In other Hours beyond 6 ſubtra& the former Ark ont of the De- 
clinacion, the reſult will be che Ark required. Upon the Hour of 6 it (elf, 
the Declination of the Parallels is-che Ark intercepted. —It che Declina- - 
tion be South, ſabcra& it.oue of che Ark found before,. (namely, che Ark 
intercepred between the EquinoRtial and Horizon)what remains1s the Arie 
intercepted berween that Parallel and che Horizon. 

Thus at London, the Ark of che third Hour intercepted between the 
EquinoQtial and Horizon is 29 &: 21 »,—And if the Declination be 
18 gy. North,the Ark intercepted berween thar Parallel and che Horizon is 
47 £7.21 m,—If the Parallel be 18.gr, Souch,the Ark will be 1 2:gr. 21 av. 

C The firſt. Work will alſo ſhew what Ark of any Azimuth from 
Sourh is intercepted berween che Horizon-and EquinoGtial, if in ſtead of 
the Hour-circle from South, yoa uſe che Azimuth from South. This 
intercepted Ark is the Equinoctual Alcicude of char Azimuth, 

So inthe 45 Azimurh from South, the EquinoQiial is 29 gr.21 wv. high.. 
In the 135 Azimuth from Sonth, the EquinoRials depretfion under the 
Horizon 18 29.gr. 21 m8. 

This is made n(e of afterwards, 

XI, How. 


- 


"4 "To find the Height of the Sun agen any Azimuth. 


XI. How high the Sun ſhall be npon any Azimuth, and in any Decli- 
nation. 


is thy" Azimuth is beſt numbred from the'South : And chis Propoſicrion 
{wich moſt of choſe chat follow)«s done by help of Compaſles. 

'@ If che Sun be in the EquinoGtial, che firſt Work of che laſt Propo- 
ficion gers the EquinoQiial Alcitude or Depreſſion, by counting the Azi- 
much frem E to S, whereby the Ark F K will be found, This Ark (if che 
Azimuth be leſs chan 90) is the Alcicudez if more than 90, it is the De- 

reflion, | 
F Buc if che Sun have Declination, chen firft lay che Thred from F co- 
-wards K, according to that Declination, and take the leaft diſtance from 
the Point B ro your Thred, and keep this exent. Then, 

F If che Suns Declination be South, count your Azimuth from E to 
S, and lay the Thred there, which will cut the Line ENin T : Ser one 
Feot of the former extentin T, and turn the other about toward che Side 
AB, applying che Thred to che remoteſt diſtance of char Circuit : The 
Thred {o laid will give the Alcicude required, if you count the Degrees 
from F, Thus che Sun declining South 1 1 gr. 3o wv. will have 164 gr. 
30m». of Alcicude in the 45 Azimuth. 

4'T If che Suns Declination be North, and the Azimuth leſs than 90 
from South, count your Azimuth from E to S, and lay che Thred ar it, 
and {ctitcurEN in T : Then (et one Foot of your former Extent in T, 
and with che other Foot curned abour, lay the Thred at the remoteſt di- 
tance from T cowards theSide A C: The Thred ſo lying, ſhews from EF 
in che equal Limb the Alcitude required. Thus if the Sun decline 11 
30m. North, his Alcicude upon the 45 Azimuth will be 42 4 gr. —Buc 
if the Azimuth be more than go, count from Bro $, rhe exceſs aboyegoz 
and applying che Thred thereto, ſee what Degrees of che equal Limb che 
Thged cuts from F. Count that number of Degrees from 60 (inthe equal 
Limb) forwards, towards 70, $6, go, and lay the Thred there, which 
—_ rocut the Line g @ in mr, Ser your Compaſſes (keeping (till their 
| excent)upon x,and curn the other Foot towards the Side A C, laying 

the Thred ac che remoteſt curn. If now, co the Thred (o laid, you num - 
ber che Degrees in che equal Limb from 60, the ſame (hall be the Alcicude 
required. Thus if the Sun decline 11 gr. 30 ze. North, and che Azimuch 
be 101 gr, 15 », from the South, the Alcicude muſt be 5 gr. 45 av. in 
our Latuude of 51 gr. 30 m. 


eAnother 


Tv find the Height of the Sun at all Hows] ag 
Antther way for this Propeſtion. 


Y the firſt Work in this 11ch, ger the EquinoRial Alticude or De- 
B preffion for your Azimuch : Then lay the Thied at E, and jn C D;- 
from D, count the ſaid Alcicude or C—_—_— from which Number, or 
Point, rake che leaſt diſtance to the Side A C. Enter this length berween 
the Side A C and the Thred, keeping one Foot upon the Line A C, and 
removing ic thereon coo and fro, till the other Foot turned abogr may 
juſfly couch che Thred :-Then keeping your Compaſſes there ſer, re- 
move the Thred from G toward H, according to the Suns Declination, 
and take che leaſt diſtance from. your former ſtanding ro the Thred. This 
lengch meaſured in the Scale C D (ſo as one Foot ſtanding upon the Scale, 
«reg curned about may juſtly crouch che Side' A C) he Ark, 
which, [, | 
If che Suns Derclination be South, 

maſt be ſubtracted from 
If the Suns Declination be North, che Azimuths EquinoRial Altczrude. 
aud che Azimath leſs chan 90, | 
muſt be added tro P, 
If the Suns Declination be North, and the Azimach more chan 90; the. 
Azimuths EquinoQtial DepreGion muſt betaken our of this Ark.. | 
The reſult is the Altitude looked for, 


Thus if the Azimuth be = from South, 
. a: Altitude _-1 x , 
the EquinoQtial De 0o—e will be 25 4 gr. ., 
The Ark found will be 14 2, Then, 
Ng decline 11 4 Soath, the Alcirude upon the 50 Azimuth 
I b . 
If che © decline 14 + North, the Alticude wpon che 76 Azimuth will 
be 29 + Degrees. | 
If che Suns Declination were 20 gr, North, that forementjoned Ark 
would be 25 '& whence caking 15 4, there remains 9.2 for the 
Alcirade of che San upon the 110 Azimuch from Souch, at that 


Declination of 20 gr. North. 
' E By this Work may a Table of Alticudes be made, by which the. 
former Azimuthelines upon the Quadrant may be inſerced, 


XII, To: 


144. To find the Height aud Azimuth of the Sun: 
XII. -To find how high the Sun ſhall be at any Howr, and in any De- 
clination, \ . 


: Y hr find che intercepted Ark of your Hour Hour, between the Pa» 
rallel of Declination and the Horizon, by the tenth. 
Secongly, Find what Angle your Hour circle maketh wich the Hori- 


zon, by che ninth, . | | 
Thirdly, Counc that Anglefromi C towards D, and fram thence take 
the leaſt diſtance to che fide. A C:: Meaſure this lengeh upon the fide A C 


(from A) and there ſer Com : Then keeping that ſtation of 
your Compaſles, lay che Thred ro —_— — connted in che 
| Limb from G, and cake the leaſt diſtance from your ſtanding to the 
ed. Set one Foot of this lengch inthe Scale C D, (o as that the other 
being eurned about may touch the fide A Cz ſo ſhall char Foot in the Scale 
CD givethe Degrees of Alcicude required, if you number chem from C, 
Ler che Hour be 3 from Noon : The intercepted Ark berween the 
EquinoQtial and Horizon will be 29 gr, 22 w., And if the Sun de- 
cline _ IT + gr, the intercepted Arks will be + : n And the Angle 
of che chixd Hour wich the Horizon is 63 gr. 53, So, that the Alcitude 
for —_— Declination of 1 x4 gy, will be - Degrees. , 
« By this Work you may make a Table of che Suns Alcirudes upon 
any Parallel of Declinacion : And by choſe Ajcirudes you may inſert thoſe 
Summer and Winter-hours which are upon che Quadranc. 


XI, To find the Suns Azimuth. 


It, 7 Lay Thred to the Sans Declination, counted in the equal 

Limb F co K, and cake the leaſt diſtance from the Poigt B co 

| the Thred, and keep your Compaſſes at that extent : Then. count the 

—_— in the equal Limb from F, and lay the Thred co ic. This 
g Gone, 

@ If the Sun decline South, keep one Foot of your Compaſſes always 
upon the Line E N, beyond the Thred, cowards E, and remove /it fill 
upon that Line, cill the other Foot being rurned about may touch the 
Thred preciſely. Obſerve then where the Foor of your Compaſs ſtanderh 
upon the Line EN; ſuppoſe at V : Bring the Thred co V, and ic ſhews 
(Hom E) the Azimuch from che South. C lf 


To fond the Suns Azimuth, 145 
T Tf the Sun decline North, keep one Foor of your former extent, 
upon the Line E N, on this fide the Thred cowards N, and remove it 
ill upon har line, until che Foot that is turned about do touch upon 
the Thred. And obſerve where your Compaſs Foot then ſtanderh, upon 
the line EN (fuppoſe ic ſtand at W ) Lay the Thred at W, and it will 
.cutthe ScaleE B; the parts whereof , from E cothe Thred, are che Azi- 
murh from South. 
Bur if it ſo fall out in North Declinations, that when che Thred is 
' laidto the Altitude, you cannot find room upon the line E N, whereon = 
ro ſet your Compaſſes (o as to keep che conditions before required ; then 
work in this manner: - Add always 30 degreesto the Suns Altitude, and 
lay the Thred .at that compound Alcicude, numbred in che equal limb 
fromF. To the Thred ſo laid, enter the former extent of- your Com- 
paſſes between the Thred and the line « #, keeping one Foot always upon 
that line. And look. where the Foor of your Compaſles reſtech_ upon 
that line, ſuppoſe et w. Take chen che length from *® to ©, and ſec 
it upon the fine NE (from N towards E) and to che point where ic 
reſts, apply the Thred , obſerving what parts ic cuts upon the Scale 
from B, The number of thoſe parts gives the quantity of the Aximuch 
above go from the Sourh. Or the parts cut from E, give the Azimuth 
from the North. | of 
T If-the Sun decline not at all, bur is in the EquinoRial, then the - 
ſole Alcirude from F to K (by help of the Thred cherero applied) gives 
ES the Azimuth from South. 
If rhe Alcicude of che Sun'be 21 + in the EquinoRial, the Azimuth 
from South is 60 degrees. 
If che Sun decline South 5 gr, and the Alticuderwere 1 5 4 gre the Azi- 
muth would be found 60 gr. | 
If the Sun decline North 26 gr, and the Altitude were 50, the Azi- 
muth would be go gr. : 
If che Sun decline North 20 gr. and the Alcicude were 9 + gr. che 
Azimuth would be 310 gr, from the Sonch. 
q If you ſappoſe che fun to have no Altitude and do work by theſe 
by theſe Rules, you ſhall find che Suns Amplitude, Ortive 
- and Occaſive, from the South. As if che Sun decline 20 gr. 
—_ you will find 123 gr. 20 w, for the Amplicude from 
che South, 


Tee XIV. To 


146 Ti find the Hour of the Days 
XIV. To find the Howr of the Day by the Sun. | 


pare the Suns Alcitude in the equal limb fromF, and co che Thred 
there laid, rake the leaſt Diſtance from che point B, and keep this 
D ſtance, 

Then count the Suns Declination (which is had eafily by the firſt - 
Propoſition : ) from F in che equal limb, and apply che Thred to it. 
Then further, 

T If the Declination be South, ſer ene Foot of your former extent, 
upon the line E N (always on that fide the Thred on which E ſtandeth 
from ic) and remove ir thereon, till the other ( turned about ) may 
juſtly couch the Thred AK. Suppoſe (in (odoing) che Compaſs Foor 
ſtayeth at V. The Thred applied co the point V, will cat the hour from 
Noon, if you count the intercepted parts upon E B, from E, —Thus if che 
Sun decline 20 degrees South, boy Alcirude were 13 gr. 50 m, the 
hour at London would be1io ora, - N\ 

T If che Declination be North, ſ&.qnc Foot of your former extenc 
upon the fide A C, removing it "to and fro, till the ocher Foor 
curned about, will only couch the When it is ſo fitted, ler 
cep itYMation, and from thence extend 
the other Foot tothe Suns DeclinartioWounced, in the Scale A P. This 
laſt extent muſt be applied to the line N.E from N : and where ic 
Rays, lay the Thred. So the parts cur _— Scale E B, will give 
the hour. ——But this maſt be done with caution, ' For if chat Foot 
that kept its ſtation , ſtood from A, beyond the Suns Declination ia 
the Scale A P, then the intercepted Ark from E te the_Thred , gives 
the hour from Noon. Bur if the fore-named Foot toad between A 
and the Declination, then the whole Ark E B go, with the Ark from 
B back again to the Thred ( theſe rwo put together) give che hour from 
Noon. 

Thus if the Sun decline 15 gr. Noxhward, aud be 47 gr, high, the 
hour is 7 before or 5 afternoon. | Or if the Altitude were-+ gr. the hour 
muſt have been y inthe morning, or 7 in che evening: namely, 99 and 
I 5 degrees from Noon, 


XV, On 
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XV. On an wpright declining Plant, to find the Angle between 12 and 6, 


=I Ount the Planes Declination from C towards D : From that point 
C take the leaſt Diſtatic&ro the fide CA, Ser that length from M 
to Y, upon the line M Y# The Thred laid at Y gives G K for the Angle 
between 12 and 6. 

Or count the Declination of the Plane from B towards E, and lay 
che Thred at ic. The Thred wiltcar N E. Take from N tothe inter- 
ſe&ion, and apply it coMY ; the Thred put to Y' gives G K, as before, 

If a Planedecline 20 gy. this Angle will be 66 4 at London. 


XVI. To find the Declination of a Plane. 


Irſt, draw an Horizontal line upon your Plane (which you may do 
by your Quadrant.) Then apply one fide of the Quadrant to that 
line, ſo as the limb may be toward the Sun, and the Plane of the Qua- 
dragt may lie Horizontally flat. Thirdly , having a looſe Thred and 
Plummer, you muſt hold that Thred cloſe by the edge of the limb (ler- 
ting the Plummer hang down at liberty) till the ſhadow of the Thred 
oy etch direly trons the Quadrants Center. Which done, you ſhall 
ſee what degrees of thelimb the ſhadow curs from that fide of the Qua- 
drant which is perpendicular to the Horizontal line. This is called the 
Horizontal Diſtance, Ar the ſame moment of t1me, obſerve che Sans 
Alticude. By this Altitude you may get the Suns Aztmuch from Souh, 
by che thirteenth. x 
After this Preparation, take diligent notice, wherher the ſhadow of 
the Thred fall berwixr, che Soutiry, un 1 7 mapa fide of the 
Quadrzne, Or whether the fame ſhadow fall fo, as to leave both the 
South and che faid perpendicular fide (both of chem upon one coaſt of 
the ſhadow. 
| In thefirſtcaſe you muſt add the Horizontal Diſtance to che Azimuth, 
In the latter caſe, you muſt fubtraR rhe leſſer out of the greater. The 
reſule (whether it be Sum or Difference) gives the Planes Declination 
from the Sonth. 
Note here in the ſecond caſe. That if the Horizontal Diſtancebe greacer 
than the Azimuth, then doch the Plane decline to that coaſt (Eaſt or Weſt) 
which is contrary to the coaſt on which the Sun Rood from the South. 


This falleth ont very frequently. 
Tet 2 Note 
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Note alſo in the firſt cafe : That if the Sum of the Horizontal D ſtance 
and Azimuth do exceed 180 gy. chen the Planes Declination from South 
3s contrary to that coaſt whereon che Sun ſtood. And itis found by 
ſabrraRing the fore-mentioned Sam our of 360 degrees. This hap- 
pens more {eldom ; thar 1s, only upon ſome North Planes; and on 
them, only then, when che Suns Azimuth is more. than-go from the 
South ; and che Horizontal Diſtance more than is the Azimuch from 
the North. | 

Examples are here omitted for Brevities ſake, Only add chis; chat if 
the Planes Declination from South be above go gr. you muſt ſubdutt ic 
out of 180, and che remainder is the Declination from che North. —By 
this accounting from North and South, you may always make that your 
Plane decline not above 90. And as when ir declines nothing, itis a 
full South or North Plane ; fo if ic decline juſt 90, ir is chen a tull Eaſt 
or Welt Plane. 


XVII. How to draw any upright declining Dial. 


| Pr draw a Perpendicular or Plumb-line A B, and croſs it at right 


Angles with che Horizontalfine B C, and make B A equal co AO 
im your Quadrant. | } 

3. Upon the equal limb of your Quadrant, count the Planes Decli« 
nation ( Norch to Souch) from G, and there keep the Thred : which 
will cut ſome of choſe Lines that are drawn within the upper Square. 

3. Obſerve firſt, choſe Interſeftions which the pricke lines make 
with the Thred at 6b, d, w, —— Take then the Lengch from A, the 
Cemer of the Quadrant to b, and ſer' it here upon the Horizontal Line 
from B co x, (always on that fide of B, which looks to the ſame coaſt 
whereumto the Plane declinech.} So take. from. the Quadrants Center 
A, to the ſecond prickt Line@nterſeRion with che Thred, ard; and 
ſer it here from Bro 2. So likewiſe che third A ww, muſt be ſer from 
B: ro 3. | | $1 | 

4. Obſerve againall ſuch InterſcQtions as are made with che. Thred; 


' by, the reſt of choſe lines whoſe common Concurrence is in the point M, 


namely, at 4, c,e,b; and cake their ſeveral lengths from the Quadrancy 
Center Az. and prick them here down on the other fide B (contrary. to 
the coaſt of Declination)) namely, ar11, 10, 9, 8. Then for the acx; 
line upon the Quadram« (which doth not, but would interſeR che Thred, 
if ic were drawn our far enough ) obſerve where the Thred cuts the 
extra« 
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extravagant line y 5, namely in s: and take from A tos, and turn thar 
Length twice from B, ſo ſhall ir defign the point 7. Afterwards ac the 
poine 4, draw the infinite line C D parallel co B A. Allo fer off the 
'hour of 6, on that fide B which is contrary to the coaſt of Declination z 
namely, from B-ro E, according as the Angle berween 12 and 6-hall 
be found by che fifteenth. . 


Declination 2.8 deg. $. Eafte. 
5; Draw all the 


Hour-lines from A , 
* the Center of your , 
Dial, through the 


points 3, 2, 1,12,11, 

| 10, 9,8, 7, in ſuch 

wiſe, that as many-as 
—— = well can, may cutche 


lneDC, as is here 
done, inp and q- | 
qualco 6,7 and 6,4, 
cqual to 6; p, and 6, 
3, equalro6,9; and 
(raw the reſt of the 
avurs A 5, 4 4z 4 3. 
2 -". Thus you may get 12 
hours, and if you ex- 
tend them beyond the Center, you ſhall haveche 
whole 24. Oar. of -which you may make choice of 
ſuch as will ſerve your uſe. 


i 


e' For placing the Style. 


Seek the Elevation and Defleion by the fifth and 
fxth, And make BF equal co the Deflection ; ſer- 
ting the Subſtylar line F A always on that Gde 12, 
; which is contrary to the coaſt of the Planes Declina« 
tion. Make alſo F.G equal co the Elevation. So F A G will be'ihe 
pa:tern ofthe. Style, . 

Or 


Fo 


TJO Of the wpright full Seuth-Dial. 
Or the Thred lying till at the Planes Declination upon the Qua- 
drant as it did, Take the leaſt Diſtance from the point X to che 
Thred, and (et that Length from B to H, and draw A H for che Sub- 
ſtylar. Then making AHK a right Angle, take the leaſt Diſtance 
from. M to the Thred, and make H K equal to this Diſtance: SoisK A H 
the pattern of your Style, 
q 7n all Dials, The Style muſt ſtand juſt over- che Subſtylar, eleva- 
ted ſo much above it, as the Elevation (before found) cometh to. 
In Souch upright Decliners the Center of the Dial is above (as in the 
former figare) and the Style points downward. But in North Decliners, 
the Center muſt be low, ted che Style muſt point upward. 


XVIIL Of the apright foll South-DI4l. 
\ Pg 


He Declination of cheTail Souch; Dialjs nophing, Whence ic is, That 
The Angle berween 13 and 6+.90degrets.- * | 

The Line of 12 is the . Om ns 

The Styles Elevation is the Complement of yonr Laticude. 

The way of pricking down the Hours is in a mannes. che {ame wich 
that before for Decliners.* No moxe needs to be ſaid of it. -__ 

The Erc& full North Plane the lande with: chis South. Only the 
Style of this points upwards"towatd ghe North Pole , as the former 
downwards towards the South Poles ' : 


XIX..Of »pright fer, declining Planer. Or" | 


Heſe Dials are more difficulc than choſe other Dechners mentianed 
inthe ſeventeenth, becauſe here the hours have no Cerxcer or Pojnt of 
mecting upon the Plane. Ir will not be amiſs therefore to ſet down che 
whole work in all parts of it. . * 
I. Draw a Perpendicular or Plumb-line A B, and croſs it ar right 
Angles wich the Horizontal line BC, And make B Aequalto AQ in 
your Quadrant, ſetting A above B if the Plane decline from the South, 
or below B if it decline from North, . 
| 2. Count che Planes Declination from South or North , upon. ghe 
limb of your Quadrant, from'G ; and there ketp the Thred, W- 
3- Among thoſe Lines on the Quadrant ( whoſe common Con- 
currence is at M) obſerve that Interſetion which is made by the fixth 
Hour from che Quadrants Center with the Thred : Take the length 


from 


_— — dd 
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from the ſame Center to that Interſe&ion , and prick it down here 
from B wo C (and on that fide B which looketh toward the Seuth, 


* if the Plane decline from South z or toward the North , if the Plane 


decline from North.) And draw out the Line C D E parallel to B A. 

4 Obſerve again upon that Quadrant the Interſeion which the ſe- 
cond line from the Center makes with the Thred and. take che length 
from the Center of the Quadrant thereunto and prick it down towards 
C, namely from Bro F, 


An wright Plane declin 
$2 degrees from Sour 
Eaſtward. 


5. Take che - Lengths 
from the Center of yeur 

1adrant to evewy hour 
point upon the fide A 
C: and prick them all 
down there, from C to 
7and yg, from Cro$ and 
4, from C co 9, 16, And © 
Laſtly, Take from the 
Center of your Quadrant 
to the point r, and curn + 
that Length ewice from 
C: this double Length 
will reach from C to 1 1,- 
ar FE, 

6. Lay a Ruler to A 
and F, and transfer che 
rm F unto H in the 
ine CE, Then take the 
Length from Hto 10, and ſer ic from A (towards - 
B) to 10, the ſame way from A that xo ſtands 
from H, | 

7. With the ſame Length H 10 or A106, go 
to your Quadrant, and fetting one Foot of ir 
on the fide A C in the fourth poine from- the 
Center, ( with the ether. turned abour ) ly 


IS 


— —_— ed 


152 Of Forming and Placing the Stile. 
the Thred at the remoteſt D.ſtance, and keep ir there. 

8. From every point on the fide A C of your Quadgzant, take he leaſt 
Diſtances to the Thred ſo laid; ſetting chem down from A to 7 and 5, 
from AtoB and 4, from Ato9: A 10 was put on before. Then the 
leaſt Diſtance from » to the Thred being ewice turned from A towards B, 
will give the Length from A to rr, 

9, For the finiſhing chen of che hours you have no more co do, but 
draw right lines through each couple of correſpondent points, namely, 
from 4 to 4, 5 to 5; fromCto A, or 6ro6; from7to7, 8 cos, 9 
to-9, IOtole, and from 11 cor, 


« Concerning the forming and placing of the Stile, 


10, TD Y the precedent ſeventh Propoſicion you may find the Planes 

| Difference of Longitude , which ( for this Plane that de- 
clines $2 gr, will be (here at L»ndov) 83 gr. 43 win. and that from 
the South, becauſe the Plane declines from che Souch, The Cemple- 
ment of which Longicude ( 83 gr. 43 min.) is 6 gr. 17 min. Take 
then firſt, che Lengch from C co 7 the aexe hour point upon C E, and 
carrying that extent to your _—_— ſer one Foot of 1c upon I5 in 
the. AP: and lay che Thred ſo, chat che other Foot turned a- 
bout may juſt couch or paſs over it, and keep the Thred there, Then 
(in the Scale A P)) count the fore-mentioned Complement , 6 gr. 
117 min. and taking the leaſt Diſtance (rom chat Point co the Thred, 
ſer it from 6 a Clock at C, towards E if the Plane decline from South, 
(or towards D if che Plane decline from North ) as you ſee it done 
here, at G. Secondly, do the ſame work again upon che line A 
Bz That is, cake from A to y the neareſt Hour point, and ſer one 
Foot of that extent upon IF in the Scale A P, and with che other 
Foot turned about, lay the Thred as before. Then in che ſame 
Scale A P, count the ſame Number 6 gr. 17 min, and taking che 
leaſt Diſtance from thence to che Thred , ſer that Length from A 
to K, anſwering to C G. And laſt of all, draw the Right Line 
GK. This ſhall be che Linc of DefleRion over which the Scile muſt 


Rand, 


LH. Furthermore, Through the Points G and K ( or any other 
ewo points of the ſame Line ) draw che two Lines G O, K Þ, both 
perpendicular to the Defleion Line G K. Then conſidering, thar 
every Honr comprehends 15 Degrees of Longicude ( that is, wn 

rom 
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from C to'7 is I5, and from 7 to $is 15, &c.) and ſince that C G 
isG6gr; 17 win. If CC be taken our of C9 which is 15 gr, there 
n+ oi oy 7, 8 gr. 43 win, To which, it yon add from 7 to 9, 
which is two hours or 30 degrees, the Sum will be 38 gr: -43 min, whole 
Complement is 51 gr. 17 win. If now you make the Angles GMR, 
andKNS, each 51 gr. 17 min. chey will cut che Defletion: Line G K, 
in RandS. And it further, to the Radius GR you deſcribe che Ark 
RT; and to the Radius KS you deſcribe the Ark RT; and to the 
Radius KS you deſcribe the Ark SV; and draw the Line T V, a 
Tangent to borh cheſe Arks, the Tyapezinms G T K V ſhall be the pac- 
tern of your Stile. In placing which,. you nwſt be careful chat theſc 
perpendicular Lengths G T and K V (perpendicular I fay co T V the 
fiducial Edge) be juſtly placed upon the ewo afſumed points at G and 
K.—Or having found G 7 to be 8 gr. 43 min. you may add co it from 
7 to 10, which js (chree hours or) 45 degrees, The Sum will be 53 gr. 
43 min. whoſe Complement is 36 gr. 17 min. If now from the points 
O and P (where the. ſaid hour of 10 cucs the ewo fore-mentioned Per- 
pendiculars GO and K P) you make the Angles GORandKP S, cach 
equal to 36 gr. 17 win. they will cut the Defle&ion Line G K in the 
ſame two points Rand S$. After which you may proceed to make the 
patrern of your Stile, as before, | 
q 1, Note, That in performing the fifth Scion of this Pro- 
peficion, inſtead of taking thoſe Hour points from the Cen- 
ter of your Quadrant upon AC the fide for your Quadrant 
(if choſe Diſtences ſhould be too great of your Plane) you 
may lay the Thred any where upon the Quadrant, and in- 
ſtead of taking from the Center to the fore-named Points, 
you may take the leaſt Diſtances from the ſaid Points.to 
the Thred, ſeverally, and ſer them down from C to 7 and 
5, and from C to 8 and 4, and fo tog, 10; and for 11, 
you mult rake from the Point » co the Thred , and ſer ir 
ewice from C; by which means they will be all of leſs Di- 
ſtance from C. And then all che work is to be continued, 
as is before preſcribed. Or if the ſaid Diſtances ſhould 
be too little, you may donble, triple, or, &c. co make them 
greater. | 
q 2, Note again, That in Decliners from the North, that Dif- 
ference of Longitude which you find by the ſeventh, is to be 
reckoned from the North, and ſo the Complement of ic 1s 
Uun r@ 


| Of Baft and aſd upright Diels.” 
' to be accounted from C (or 6 a Clock) towards D. And 
that the wideſt part of che heurs in theſe Norch Planes maſt 
point apwards, and the cloſeſt parts downwards ; contrary 
to what is expreſſed here inthis Plane, which hath irs Declina- 
tion from the Souch. | T 
@ 3: Note laſtly, chac chis DireQion here given for enlarging the 
Hours in far Decliners, may eaſily be applied to fuch Dire 
or H>rizoncal Dials (as are mencioned in the 26. following) 
upon which che Pole hath but ſmall Eleyation. For the Dial 
(or only ſome chicf Hours of it) being deſcribed in irs narural 
ſreighrnels, may be cnlarged by the ſame means char this leaſt 
was. Which will not be hard co do, but would be: redious 
here to run over again, 


XX, Of full Eaff and weſt wpright Dlals. 


TR are more caſie chan the former ſort were. For having drawn 
the Plamb-line A B, and affumed the Point A for the Hour of 6; 
go to your Quadrant, and rake from the Cencer of ic to all the Hour- 
points upon the fide A C ; and prick the firſt of them down in the Line 
A B, from A to 5 and 7, the ſecond from Aro 4and 8, thethird from 
A to 3, thefourth from A to 2 ; and for the fifth, rake from the Center 
of your Quadrant tothe Point r, and fer char Length ewice from A, ſo 
it ſhall limit our the point 3. —Having cheſe points, draw Lines chrough 
them, all parallel ene to the orher, and all poinring up to the North , 
namely, ſo as ro makeche acute Angles B A Cequal to the Complemen: 
of your Laticude, 


q4 For the Stile. 


T muſt always ſtand over the Line of 6 a Clock, parallel toir, and 
I diſtant every where from it according to the Length of A D. Which 
Length is ſoon found, by drawing A D perpendicular to the Hour-Lines, | 
cucting the third hour from 6, in D.- By which Line you may make che 
patrern of your Srile. For che fiducial Edge lies parallel ro the Line of 6, 
A C, and at the Diſtance of that Line A D, | 

x. Notc here too, that if your Lengths from the Quadranes Center. 
co the Hour-points be cos long, you may ſhorcen them by lay- 
ing the Thred upon the Quadrant, according as your Conve- 

nience 
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nience ſhall dire&, and taking the leaſt Diſtances from thoſe 
Hour-Points to the Thred ; and o pricking them on from ' A 


to 6, tO 5, 4, 3, &' co as was before mentioned in the firſt Note 
upon the former Propoſition. —Or if they be too little they may 


be doubled, &'s, as is there exprefled. 
. }Þ $$6$$4$4%59 


T 2, Noze further, 
that what is here done 
fordeſcribing'theſc Eaſt 
and Weſt Dials, may 
be appicd ro the Di- 
re Polar Plane. On- 
ly remember thac you 
are noc tied (if the 
Polar) to make '-the 
Hours co any ſer An- 
gle with the -Line B 
A, but they are beſt 


| art right Angles ; for 


then the Line 'A'B may 
be taken for', #*nd-pla- 
ced as: the Hormonal 
Line of the ſaid Plane ; 
all che Hours lying as 
vertical Lines unto it. 
And alſo the Line of 
6 here muſt be caken 
ow the Dire& Polar ) 
or the Line of 12, and 
the reſt of the Hours 
are to be drawn alike 
on both ſides 13: no» 
thing in ſubſtance dif- 
fering from theſe Eaſt 
and Welt Planes, 


XXI, In 
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XI. In Eaft and Weſ Re-incliners, to get the Defleftlon. 


Ount the Re-inclination from D towards C. Take the leaſt * 
Diſtance from thence to the fide A C, Ser that Length from 
M to Y, and lay the Thred at Y. The Degrees FK will give the 
DefleKion. .,- * 6 
The Subſtylar Line muſtaſcend in Recliners and deſcend in Incliners, 
from the Line of 12, accogding to the Quantity of chis DefleRion. 
The Line of 13 lies always parallel co che Horizon. 


XXII, To find the Angle between 12 and 6, 


Oant the Re-inclination from E towards B, the Thred there laid 
will cat the equal Limb. The Degrees whereof from G to the 
Thred, are che Anglerequired. 


XX1II1. To get the Stiles Elevation, 


TY the Thred, co the Re-inclination numbred in the Limb 
from F, and-cake the leaſt Diſtance from N to the » Ser 
one Foot of that length in B, and lay the Thred ſo asto tonch the other 
Foot when -ic is turned about, The Thred o laid, gives the Elevation 


in che equal Limb, from P. 
"uit 14 MINT find the Difference of Longitude. 


k, Ount the DefleQion in the equal Limb from F, and lay 
che Thred co it; and take the leaſt Diſtance from B co 
the Thred. Pat one Foot of this length in N, and apply the Thred 
' £0: the remareſt Diftance of che other Foot. The Thred will then 
. thew: i» che | <qual, Limb, the Difference of Longitude, if you count 
from F.: z, C71 
2. Count the. DefleRion in the equal Limb from G : and to the 
Thred there laid; - rake the eaſt Diſtance from B. Meaſure that length 
upon the fide A Bfrom A; keeping one Foot there fixed., Then lay 
the Thred coche Planes Re-inclination counted allo from F in the equal 
Limb, and take the leaſt Diſtance from your ſtanding to the Thred, 
Sec one Foot of this kngthy in By -applymng the Thred co the other 
Foot 
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Foot turned about. The Thred ſo laid, gives the Difference of Longitude 
in the equal Limb, from G. 

Thus if an Eaſt or Weſt Plane re-incline, here at Londen, 30 degrees, 
it will have 1n 

DefleRion —— 47 deg. 26. 

Angle from 12 to G—— x 5 26 

Elevation —— 23 03 


Difference of Longicude—70 14 


XXV. How to draw the Dial. 


Pon the Back-fide of your Quadrant, in che upper part of it, 

you have Lines drawn altogether like thoſe on the Fore-fide 
—_ near the Quadrants Center, the uſe of which was ſhewed bes» 
re. 

The manner of work in chis Propoſition is in moſt things ſuicable to 
that in the ſeventeenth, and will need no other direRion. 

Only for placing the Lines, Take notice, that 

The line of 12 in theſe Eaſt and Weſt Re-incliners, lieth always paral- 
fel coche Horizontal line of the Plane, So that if we ſuppoſe the former 
Figure of the ſeventeenth co repreſent one of theſe Dials, chen A B muſt 
be conceived to lie Horizontal, and B C Vertical. - All other works will 
be like to thoſe in the ſeventeenth, 

The Stile in Recliners pointecth upward , and the Snbſtilar and the 
hour of 6 do aſcend above the line of 1 2, ſo much as the Defletion and 
Angle from 12 to 6 come ro, The Center of the Dial is on. che South ead 
of theline of 12, 

The Stile in Incliners pointeth dewnward, and the Subſtilar and the 
hour of 6 do deſcend below the line of 12, ſo muchasche DefleRion and 
Angle from 12 to 6come unto, The Center of che Dial ison the North 
end of the 12 a clock line. 

Theſe things being. obſerved , you muſt count the Re-inclination 
of. your Plane in the equal Limb on the Back-fide from the left 
hand coward the right , according as the Figures are ſer: and there 

lay the Thred and keep ic. Then obſerve how it curs the Lines 
next to the Center, and proceed in all chings as in the ſevenceench 
before. 

4 Note, That you may find the Inclination of a Plane by applying 
one fide of your Quadianc to the Planes Vertical line: for ſo the a — 
W 


- 
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will cut the quantity of Inclination in the degrees of the equal lim\ 
being numbred from thac fide of the Quadrant which toncheth the 
Plane. — And for finding the Reclinarion, yon may lay a Ruler to 
the Vertical line of the reclining face, and cake the Inclination of the 
under-fide of chat Ruler. That Inclination will be the ſame with the 
Reclination. —_ ; 

Note alſo, that this here delivered for Eaſt and Weſt Re-incli- 
ners, is intended chiefly for drawing hours upon thoſe kinds of Planes 
when you meer with them upon Bodies cuc regularly. For octher- 
wiſe you will hardly ever: find avy ſuch juſt Plane upon a fixed 
Building. 

Laſtly, for a Scale of Chords, which here, and in ſome of che prece- 
dent Preceprs is required, you may make uſe of the equal limb of your 
Quadrant. 


XXVI. To make an Horizontal Dial to any Latitude. 


FE draw the right Line B C, and ere the Perpendicular A H. 
Then take from che Center ( on either (ide of your Quadrant ) 
to the third hour upon the fide AC; and make AH there- 
to. And draw FH parallel toBC;z and the line 5K 7 allo juſt in 
the midſt of them. Afﬀeer this lay che Thred to the Lacicude of 
che place counted in the equal limb : and take from every point of che 
ſide A C, the leaft diſtance to the Thred, and ſer each of chem down 
both ways, namely, from A toq and 8, from A to3andg, to 2 and 
T0, and fromAtotand 17, Then tak: from thepoiat y upon che 
ſide AC, to che Thred, and fer that length from K co 5 and 5 both 
ways. — You have now nothing more co do , bur from H co 
draw the Hour-lines to all the fore-named points : ſothe draught is 
eafily finiſhed, 

The Stile muſt ſtand upon the Line of 12, and isto be elevated ac- 
ibs to the Planes Latitude: as che manner is in all Horizontal 
Dia 

T The uſe of this Propofition is to draw all Dials in any Lati- 
rade for any dire& re-inchning Plane, For, the Re-inclination com- 
pared ( in North Re-incliners) with the Poles Elevarion: or ( in 
Souch direct Re-incliners) with the EquinoRtials Alticude will ca» 
fily give che Planes Latirude: 4n the former the Difference was 'the 
Elevation it felf: in the later » the Complement of the Poles Ele- 


vation 


1.1” Ti wake an Horizontal Dial.  T5p 
vation. ——And this Propofition, with the ſeventeenth for uptighe 


Planes ; the ewenrierh tor upright Faſt and Weſt, and ſo allo for 
Polar Planes on which the Pule hath no Elevation : the cweny fifth 


G 
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for Eaſt and Weſt Re-incliners : the eighteenth for full Nerh and * 
Soath ere&t, will furniſh you with ways to draw Dials npon ſuch 
regular Bodies , whoſe Planes have any fach of che fore-mentioned 
Aſpe&is. 


XXVII. 7's find the Howr of the Night by the Stars. 
fn Stars upon the Quadrant ( one or other of them) will al- 


ways be in a convemient place of che Heavens: that is, of ewo or 
more 


'x60 To find the Hour of the Night by the Stars 
more hours Diſtance from the Meridian. Having then made 
choxce of chat Scar that is fitteſt, look what number is annexed to the 
name of ic. Seek chat number in che left margin of the fore-ſfide of 
your Quadrant, cloſe by the Hour-lines, and reAifie the Bead to it. 
Then hold up the Qualjant ſtcadily , wich che fights levelled co 
the Scar, as if you-were to rake the Scars Alcicude: and you ſhall find 
the Bead to ſhew (among the Summer hourF'of the Quadranc ) che 
Motion of che Scax in Hours, Quarters, and parts of a Q-/arcer. 
This is called che Stars Hour 5 but chi is ngt the Hour of the Nighc 
rill jc be rurned into che Sans Hour 3 which thing /1s to be done in this 
manner. Ne | | p 

Look upon the back- fide of the Quadrant for your Star, and lay the 
Thred upon it; flipping the Bead down to che flope hours below, ill ic 
ſtand upon the ſame quarter and. part (from ſome juſt hour on che left 
hand of che Bead) with-the Stars-honr before found. Then note the 
ſaid hour on the lefe hand-which goerh-nexe-before the Bead , for that 
mult be ſuppoſed to repreſent the Stars hour , and muſt cherefore be 
called by the ſame name or number that the Stars hour was. And the 
following hours ( from the Bead towards the right hand) muſt ſucceſ- 
ſively cake their numbers until you come to be, under the day of your 
Month. Unco which day if che Thred be laid, che Bead will ( by 
kee ng w_—_ former account) ſhew che true hour, quarter, and part 
of che Nighe. a ,5h 

Example I. On January the 20th. the hour of Cor Leonis was ob- 
ſerved Eaſtward of che Meridian, co be 9 and &part of a quarter. The 
Thred laid upon that Star, -on the back-ſide of che Quadrant , will 
croſs che {lope hours as doth the Line A B, and the Bead put down to 
the fore-mentioned parts of the hour, will ſtand at che point B, So 
chat the hour C muſt be called 9 a Clock, which is che obſerved hour of 
che Scar. Then tht Line D muſt becalled 10 a-clock: and che Thred 
being pur to Faxwary 20. (raken in the lower circular Line of Months) 
will lic in chelineA E; andthe Bead at E ſhews the time of che Nighe 
to be paſt (che line D, that is paſt ) 10 a clock about 4 and + part of 
a quarter, which is 15 and 5 min. or 20 win. paſt 10 at Night. _—Bur 
if chis Obſervation had been made upon che wk day of November : 
then che Thred laid upon the day given in the lower Circle of Months, 
November 2, would licin ctheline A F: and the Bead would be upon 
the'full Hour-line chat paſſech chrough F, which would be 4 a Clock 
in the morning, For if che line C be 9, chelineD is 10, che next line 


ls 
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is$1T, andſo forward till your account fall apon F : which muſt be 4 
aclock paſt (13 or) Midnight. 

Example IT. Upon the 8 of Auguſt, the Star Aquila was ſcen on the 
Weſt fide of che Mecidiav, and che hour of it-was found 3 and 4 anhour 
and 4 aquarter. The Thred therefore being laid upon that Star would 
be asthe line A G, and the Bead (reRtified toche & hoar and 4 quarter) 
would Rand at the point G, Sochar the next Haur-line on the left hand 
of G, muſt becalleq 3 a clock,. and cheline F muſt be 8 a clock. Then, 
che Thred being removed to the day of your Month ( 4uguf 8, in the 
npper circular line of Months) will lie in the line A B; and che Bead 
at B will (hew che Hour of the Night (if you keep your former account) 
ro be £ andhalfpaſtI a clock. Forif F be $ aclock (as is before expreſ(- 
ſed) then the laſt hour of che limb is 21, che firſt is 22, che ſecond « ; 
beyond which the Bead B is about 22 #y, of an hour. Therefore the 


hour of the Night is 1 a clock 2 2 mis. 
"By theſe Examples che manacr of che work will ſufficiencly appear in 


all caſes, 
The Ofc of the Altimetrich Scale, 


HE Scale on the Fore-fide of the Quadrant next co the equal 

Limb 'is here called che Altimetrick Scale. -It is numbred by 1, 
23 2, &c- to 10, 20, 3O, &c., to 100, Eachof which numbers are 
beſt fappoſed to be 100 fold, viz. 100, 200, &c, to 1000, 2000, &c, 
to 10000 2 and all che lefler parts cſtimared accordingly. ——-The 
ground on which you ſtand to make your meaſuration, is alſo ſuppoſed 
to be a juſt Level, 


I. Tofiad any Height at one Olſervation. 


T7 your Station be atE 3 and the fights D A directed co the poine 
F : che Thred A B cuts off che parts C B'in the meaſuring Scale : 
which parts muſt be remembred. — Then meaſure from your Station E, 
to the point H, which is juſt under F. And always in this caſe mulei= 
ply this diſtance E H by the fore-named parts of C B, and from the Pro« 
du cur off three figures toward theright h:g1, The Remainder is the 
Altitude G F. To which you muſt add H G, orD E, the heighc from 


youreye at D to your foor ar E. | 
X xx Thus 


_ 1262 .To take albtetudes und Diftance1. 
Thus if the Thred AB ſhould cur off CB 1500 parts, and che 
Diſtance E were 5g feer, the height G F wonld be 88, gooo or 9584 


IT. To find part of an Attitude, 


© {ag the length of FX be only required. Standing then at E, you 

may find che Alcicude G F, Keep ſtill the ſame Standing at E, and 
find the Altitude GX by the laſt Precedent. So G F taken from G X, 
gives F X required, 


= - ev... > 
= 5; D K- M 


IIL Standing npen 4 known. Height to find a Diff ance. 


ED the height F H be known, and the Diſtance HK be required. Oz- 
der your ſtanding fo, chat the two ſights P, S, the point F, and 
te D:ſtance K, may alt appear in. one right line. Thea look what de- 
grees the Plummet cuts off-1n the equal limb from Q. Count the ſame 
anmber in the ſame limb from'S ; and there lay the Thred, as Þ T. 
Nore then what parts it cuts upon the meaſuring Scale from Qto T, 
Mutciply thoſe parts into Þ H: che known Alticude: and from the 
Produdt cur off three Figures the Remainder or Quotient is the Di> 
Rance H K, 

Thas 
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Thus if che Thred Þ R ſhould cut off QR ia the equal limb, 56+ des 
grets, the ſame counted the other way from Sto T in the equal limb, 
and the Thred laid thereto would give 669 in the meaſuring Scale. 
Then B G being 88 4 feet and GH (ſuppoſe) five feet, F H muſt be 
93+ feet, This multipli:d into 667 , makes 62364 : from whence 
cutring away the three right hand figures, there remains 62.364 or 62 + 
feet for the D,ſtance H K, 


IV. To fied part of a Diftance. 


F che Diſtance of K from Z were required. Firſt, find H K, then 
H Z, by che chird precedent : their DifferericeisKZ. If K Z were 
a Trench, you might | the Tower F, find the bredch of it wichouc 


any approach unto it, 
V. Ts fixd a Height at two Obſervations. 


T* F H were to be meaſared, and the way from E to H were unpaſſable, 
ſo that the Diſlance of E from H could not be meaſured. You 
muſt in chis caſe make two Obſervations. For which purpoſe, cake 
your firſt ſtation at E, and dire the lights D, A, .co the point F: no- 
ting what parcs the Thred cuts upon the equal limb from C to B, Then 
go backwards in a right line, ro a comperent Diſtance, asto Mz and 
there making a ſecond ſtation, obſerve (as before) what degrees the Thred 
cuts upon the equal limb from N co O : (the ewo fights L, I, being juſt- 
ly direRed co the point F.) Then count cheſe two Arks in the equal limb 
from the contrary fide of the Qaadrant, namely from D to Y, and 
from L to « and applying the Thred thereto, look what parts it cuts 
from the meaſuring Scale at Y and V. Take the lefler number of parts 
out of the greater, noting the Difference, Meaſure alſo the Diſtance of 
your ewo ſtacions, namely, from E co M, and add three ciphers to thac 
meaſure ; This laſt number muſt (in this kind of work) be divided al- 
ways by the fore-noted Difference ; and the Quggggnt will give the Alci- 
cude of Þ above G. 
Example. j 

Ler the firſt Obſervation cur off 38 + gy. in the equal limb. The 
ſecond 56 4 gr. Count the firſt Ark from D to Y : the Thred there 
laid gives 1250 in the meaſuring Scale. The ſecond ſo counted from 


L to V, gives 667 : The Difference of theſe two is 583. Lec the Di- 
| Xxx 2 lance 


164. To toke Altitudes and Diſtances. 


ſtance of the ſtations meaſured from E ro M, be 51. 66 feet. This 
number, with three ciphers added, is 5160000, Which divided by: 
583 (the former Difference). gives in the Quocient 88.50. or $84 feer 


for the Height GF. And if GH be 5 foor more : The whole Heighth 


H F will be 93 & feer. 
S Note, That in theſe Mc<n(urations,, the” point G is ſuppoſed to 
co ſtand in the ſame Level with the corner of your Quadranc 
D and L. Sothat GH, D E, L Mare all of one Heighth. And 
note roo, that the rwo ſtationary points are E and M, namely, 
thoſe which are juſt under the corners D and L. 
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BA Ogarithmerick is a Logical kind of Azichmetick, or arti- 
PE) ficial uſe of Numbers invented for the caſe of the Cal- 
AGE 2 culation, wherein cach Number is fired withi an Arti» 
| DA$Pp> ficial, and theſe Artificial Nambers ſo ordered , that 
nerd YL WHAT Is produced by Mulciplication of natural Num- 
SPEOQFEL bers, the ſame may be effeQed by the Addition of theſe- 
their Artificial Numbersz what chcy perform by Diviſion, the ſame. is 
here done by SubcraRtion : and fo the hardeſt part of Calculation ayoi- 
ded by an cafie Proſthaphzreſis. 

All'this ſhall a plain by applying that to theſe Arczficial Num- 
bers, which I have ſet down. before, tor the uſe of my Lines of Num- 
bers, Sines and Tangents in the Yiſe of the Setor and Croſs: Staff. 
Wherein the Reader is to obſerve, that what is to be wrought R—_—_ 
Numbers only , is beſt done by Mr, Brigger his Lcgarichms, but che 
Aſtronomical part concerning Arks and Angles, by-my Canon of Arti-- 
fieial Sines and Tangenes. | 
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tiplicand, che;Sym of þoyh Hralll beche 
= hes whe hou 2s by jo;” the 
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CHAP. I. 


Eonctrning the Uſe of the, Line of Numbers, 1 have ſet down ten 


general Propoſitions iu the firſt Book of the. Uſe of the (roſs- 
Staff, Chap. VI, and thoſe may be applied to the Table of 
Logarithms, 

i ff £F PROP. IJ * 


7's multiply ene Number by another. 


1 3 is the ſixth Propoſition of che ten , burl begin with the eakefl, 
add che Logarithm of the yp a; che Logarichm of che Mul- 


oFche Proqucl 


duQis 750 

So here, add che Logarithm of 25, vie. 1,39794001 

To the Logarithm of go 1.47712125 

The Sum of both will be 2.87506126 

And this is the Logarichm of 950. 

In like manner, if we mulciply ro by 10, the Produ is 100 
If 100 by to, che Produdt is 1000 {o here 

The Logaricthm of 10 being I, 00000000 

The Logarichm of 190 ſhall be 2.00000000 

I 000- 3-0©0000000 

10000 4-20000000 

100000 $.00000000 


And ſo forward : All intermediatg Numbers which have intermediate 
Logarithms. 
If wemultiply 101 by 10, the ProduRis 1010; of 102 by 10, the 


ProduR is 2020: ſo here 
The Logarichm of 10, viz. 1.00000000 
Added co the Logarichm of 1or 2.00433137 
Gives the Logarithm of 1010 3.00432137 
The ſame Logarichm of 10 1.00000000 
Added to the Logarithm of 102 2,00860017 
Gives the Logaricthm of 1020 3.00860017 


The 
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The Difference being only in the firſt' Figure, and that is always leſs 
by onethanche number of Places, in the Number given. As when we 
find che Logaricthm to be 2,00860017 the fuſt Figure 2 is CharaRte» 
riſtical, 4. e. the Index, ſhewing that the whole number 102 belonging 
to this Logarichm, conſiſts of three places. If che Logarithm had becn 
1,00860017, the whole Number muſt have been 10.2 conſiſting of two 
places, and the reſta FraQtion to» 

If the Logarichm were 0,00860017 the Number 
belonging to it would be 1. 02, 1, 1 and 24,, And this is 
one of che reaſons why the Differences were omitted in the fyſt hugdred 
Logarichms. All choſe Logarichms may be found afterwards nnder a 
larger Index, 

Again, if we mnltiply 201 by g, the Produc is 1095: ſo here : 
If we add the Logarithma of 5 unto che Logarithm of 201, the Sum of 
both thall be the Logarichm of 1005, and che Sum of the Logarichms of 
Fand 203 ſhall be the Logarichm of 1015, Thus che moſt- part of che 
Table may be continued beyond 1000, 


PROP, II. 
To divide one Number by anuther. | 
om the Logarithm of the Divifor, our of the Logarichm of the 


Dividend, the Remamder thall be the Logarichm of the Quariene. 
As when we divide 750 by 25, the Quotient is 30 Jo here 


From the Logarithm of 750, viz, 2.87506126 
Subtyadt the Logarichm of 25 "Pp 3» 3979400 
There. remains the Logarithm of 30 | 1.47712125 
In like manner, when we divide 11 by 4, the Quoticat is 2&, © 
here the Logarichm of 4, viz. 0.60205999: 
Taken from the Logarichm of 11 1.041392i69. 

: . Pp —_—_— —_—__— 


| Leavesthe Logarithm.af 2 2, 0.43933270: 


Wherefore, if it were required co find the Logarichm of a whole Nam- 
ber with a Fraction annexed (as of 34) we might firſt-reduce 1t ito an 

inq_ FraRion of 4+ (or rather of 424 )and then ſubtract as before, = 

f ax Were requized t0:find the Logaruhm of a fngle Fraction, as: 

of $5 we may ſubtract as before: But this FraQtion being leſs than Ns 
t 
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the Logarichm muſt be leſs than ©, and therefore noted with — a de- 
feQive ſign. 


So the Logarichm of *2 or 24 is 0.43933270 
And che Logarichm of #r  — © 0.43933270 
PROD, III, 


To find the Square of a Number, 


Alf the Logarichm of che Number given is the full Logarichm of 
| the Square Root, | 
So the Logarichm of 144 being 2.15836249 
The half chereof is 1.07918124 
the Logaricthm of 12, :and ſuch is the Square Root of 144. 
© Thenby converſion, having extrated che Square Root, we may ſoon 
find che Logarichm. 


As the. Logarithm of 10,0000 being 1.000000 00 

The Logarithm of che Square Roor 316229, is 0.50000000 

And for the Roomof thar 177827 0,25000000 
P R O P, IV. 


To find the Cubigue Root of a Number. 


þ 7 chird part of the Logarichm of che Number given; is the fall 
Logarichm of che Cubique Root. © * 
Sothe Logarichm of x25 is | 2,09691001 
'And% tlie Logarichrh of 5 | 0.69897060 
" By chefame reaſon we may find the Biquidrate Root, by dividing the 
Cogatichardf che Number given by 4: the ſolid Root, by dividing by 5, 
To forward, | 
_y converſion, having extrated the Root, we may ſoon find che 
£4 


U 


As che Logarichm of yo.000, &c. is I.00000000 
The Logirichm of che Cubique Root, 21544 0433333333 
The | Aeris of 100,000, &c. 2.00000000 
The Logarichm of the Cubique Root 4641 0.66666666 


Then multiplying che Squareand Cubique Roots one by another, we may 
produce infinite qther Numbers, and have all their Logarichms. wry 
b3ot 9 . ; | P - 
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PROP. V. | 
"Three Number: belng given, to find a fourth Proportional. 


His Golden Rule the meſt uſcful of all others may be wrought (c- 
veral ways, as it appears by this Example ; 

Ar 12 anto24: ſo 4 to of an namber, 

The ordinary way in Arithmetick is by Mulciplication and Diviſion. 'I. 
For firſt they multiply the ſecond into the third, and then divide the TaRus: | 
PreduR by the firſt Number given. As here, multiplying 24 by 4, the 6 3 divi- 
Produ& is 96, then dividing 96 by 12, the Quoticne will be 8, the fourth 2 fff ** 
number here required. 

According to this way we add the Logarichms of che ſecond and third, 
and ſubtra& che Logarichms of the firſt, ſo thac which remainech ſhall be 


che Logaricthm of che fourth Number required. 


Thus the Logarichm of the firſt Number 13 is 1,079t8125 
The Logaricthm of che ſecond 24 I. 38021124 
The Logarichm of chethird 4 0.60205999 
TheSum of che ſecond and third Logarichms 1.9$227123 


SubtraR che firſt, and there remaineth © 90338998 


And chisis the Logarichm of 8, the fourch Proportional, : 

A ſecond way in Arichmetick is by Diviſion and Malciplication. For Que s 
where the ſecond Number is greater than the firſt, chey may divide the ;yer - Fre 
ſecond by the firſt, and then multiply che third by che Quotient. As viG mul- 
here, dividing 24 by 12, the Quotient is 2 : then mulciplying 4 by 2, tiplicatus 
the Produdt will be 8. in tertifl, 

According to this way we take the Logarichm of che firſt out of the Lo- 
garithm of the ſecond,and chen add the difterence tothe Logarithm of the 
third. So the Sum of this Addition ſhall be the Logarichm of the fourch 


required. 
Thus che Logarichm of che firſt Number 12 is 107918125 
The Logaricthm of che ſecond | as 1.38021124 
The Difference between the increafing 30192999 
Added tothe Logarithm of 4 ©. 6020 5999 
Gives the Logarichm of 8 0,90308g9g98 
A 


Yyy 
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votiens the ſecond Number is leſs than che firſt, they may divide the firſt by 
oy che ſecond, and then again divide che. third by the Quotient, As. 

"9" 3” here, dividing 13 by 4, che Quoticnc is 3 2 then dividing 24by 3, they 


A third way in Arichmetick is by Divifion and Diviſion, for where 


Quorientis 8, 

According to this way we take the Logarichm of the ſecond out of the 
Logarichm of che firſt, and then take the Difference our sf che Logarichm 
of the chixd : ſo that which-remaineth ſhall be the Logarichm of che fourth 
Number required. 


Fhus the Logarithm of the firſt Number 12 is I,07g918125- 
The Logarithm of the ſecond 4 ©,60205999, 
The Difference decreaſing 47712 126: 
SubrraQted from the Logarichm of 24 1.38021124 
Gives the Logarichm of 8 0.90308999: 


' Theſe two latter ways by Difference of Logarichms, may be conſider- 
ed as the ſame. Though there be ſonie difference between them, yet that 
may eaſily be reconciled, if we have regard to the nature of the queſtion. 
For three mitmbers being given in direR proportion, if the ſecond be 
greater than the furſt, che fourth muſt be greater than the third: Tf che ſecond 
be leſs chan che firſt, the fourch muſt be leſschan the chird, and their Loga- 
richms accordingly. But in reciprocal proportion, conſidering the fiſt and 
ſecond numbers to be of one denomination, we are to obſervethe contrary, 

If we defire to turn Subtration into Addirion, we may take,che Lo- 
garithm which isco be ſubtrated out of the Radius, and add the Com- 
plement. So the Sumof chis Addition, the Radius being ſubtracted, ſhall 
givethe required Logarithm as before, 

Thus in the laſt Example : where ſubcrating the Difference 4.77121 26 
outof 1,330214 24, the Logarithm of 24, we found theRemainder to be 
©.9030$g98 the Logarithm of $8. 


The Radius being 1 0.00000000- 
- {he Logarichms co be ſubrrated | 047712126 
© The Complement to che Radias 1s h 9.53 237874 

This added to the Logarichm of 24 1.38021124 

Gives us a compound Lozaruhm G 1C,90 308998: 


From 
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Fr is, if we ſubtract the Radius, (that is, if we cancel the firſt 
figure WMhe lefc hand) the reſt is 0.903e03g998 
the Logarichm of 8, the fourth Proportional, . as before. 
By help of this fourth Proportional we may come ſomewhat near to 
find a Logarithm for a number of 6 places. 


As if ic were required to find a Logarichm for this number 868624, 
the TIble will afford us Logarithms for a lefler and a greater number ; 
an 


en the intermediate may be found by che part proportional in this 
oro * hg 


cre we have the Logarichm of $68 2.9385 1973 


And the Logarichm of che next following 86g 2.93901978 

And che tabular Difference berween them 5000g 
If the Index be fitted ro the number of places, 

The Logarichm of ' 868000 (hall be $.93$5197 ; 

And the Logarichm of 86g0co 5-9390197t 

The Difference being ' 1000 50005 


Then taking 868000 opt of $68624, (the number given) the third 
Difference will be 624. And having theſe three Differences the Pro» 
portion will hold. ' | 


As 1000 ants 5oOo"Es 
_ 624 nato 31203 the part propor-._ 
tional to be added to the leſſer Logarichm 5 93851973 


ſo ſhall we have 5.93883176 for che Logarichm required, 

In like manner, having a Logazichm given, - we may find the. value 
of it ina number of fix places. * * 

As if the Logarichm given were 3.93883192 
and ir were required to find che Number to which it belongeth :. 

This Logaruhm is not 0 be found in the Table; but changing the 


Index and making ic 2 938831872 
The next lefler Logarithm of 868 is 2:-93851993 
And the tabular Difference following 5Opos 
And the proper Difference 31209 

_ At thetabular Difference $0005 wnto — - 100000 

. $9 the propey Difference $1209 wnto 62412 


the part proportional to be joyned — che end of che former number $682 
3 5 YY 2 {0 
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ſo ſhall we have 86862411 for the value of this Logarithm.ggBue the 
Index of the Logarichm being 3, the Number required muſt Waſfſt of 
four places, viz. 8686, and the reſt a Fraftion of , 3#. 

ThisI ſay is ſomewhat nearche Truth, For this number here propo- 
{ed 868624 is the Square of 932, 


The true Logarithnr of the Root 932 is 2:96961 F9r 
The crae Logacichm of the Square 868624 5:93$831$2 
P R O P, VL ; f 
Three Numbers being given, to find a fourth in 4 duplicated} 
Proportion. 


br Queſtions that holdin a duplicated Proportion between Lines and 
Superficies, the Logaruhms for Lines given may be doubled, the Lo- 
garichms for Lines required may be halfed, and then the work will be. 
che ſame as in the firſt part of che former Propoſition. 

Suppoſe, the Diameter being 14, the content of the Circle was 154, 
the Diameter being 28, what may the content be ? 

Here the Queſtion concerns both Lines and Superficies, T double 
the Logarithms of the rwo Lines given, and then work as before in this 
manner : 


The Logarithm of 14 is 1.14612803 
The Logaricthm of 28 1.44715803 
The ſame again 1.44715803 
The Logarithm of I54-. 2.18752072 
The Sum of theſe laſt  $.08183678 
SubtraR che double of the fiſt 2.29225606 
There remains the Logarichm of 616 2.78958072 


And ſach 3s the content of the Circle here required. 


Suppoſe che content of a Circle being 1 54, the Diameter of it was 14; _ 
thecontent being 616, what may the Diamerer be ? 
Here being one Line given, and one Line required, T double the Lo- 
garichm of che Line given, and then working as before, the half of the 
remainder ſhall be the Logarichm of che Line requireds 


hd 


Thus 


Te the Logarichm of 1 54- is 


The Logarithm of 616 


The Logarithm of 14. 
The ſame again 


Thie Sum of theſe three laſt 


Subtract the Logarichm of the firſt 


The Remainder will be 
The half chereof is 


The Logarithm of 28 the Diameter required, 


' Or- according to the ſecond manner of-operation, the difference bes 
eween the Logarichms of Lines given may be doubled ; the difference be« | 
' tween the Logarithms of che content given may be halfed, and then the 
work will be the ſame as in the latter part of che former Propofitiom 
So in the firſt Queſtion, where the Diameters were given and the con« 


rent required. 
The Logarichm of 14 is - 
The Logarichm of 28: 


The Difference increaſing - 
The double of this Difference 


Added to the Logarithm of 154 - 
Gives the Logarithm of 616 


— and the Diameter of the one required. 
The Logarithm of I54 
The Logarithm of 616 
The Difference increaſing 
The half of this Difference 


Added to the ithm of 14- 
Gives the Logarithm of - 28 


«1nd Tables of Ligarithing, 


In the ſecond Queſtion,” where the content of boththe Circkes was knowny, 
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2,18752072 
2.78958072 | 
114612803 d 

 1.14612803 


5-08133678 
2.18352072 
2.80431606- 
1,4471580F 


1.14612803: 
1.44715803: 


304030600 + 

60206090 > | 
2:18752072 | 
2.78958072 


-- voa@anoe. _ = _ = 


2,18752072: 
2,78958072- 


60206000-/ 


| 30103000 - 
114612803 : 
1,44785803: 


PR OP.. 
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PROP. VIL {761 
Three Numbers being given, to find a fourth in 4 triplieated 


Proportion. 


& Queſtions concerning Proportion berween Lines and Solids, the 
Logarichms for lines given may be tripled ; the Logarichms for lines 
required may be divided into chree parts, and cheg the work will be the 
ſame, as in che firſt way for che Rule of Three, 


Suppoſe the Diameter of an Iron Baller, being four inches, the weighe 
of it was nine pound, the Diameter being cight inches, what may the 
weight be? 


The Logarithm of 6s  ©.60205999 
The Logaricthm of 8 0.90308999 
The Triple of it 2.70926997 
The Logarichm of 9 ©,95424251 
The Sum of theſe laſt 3.66351247 
SubtraR the Triple of che firſt Logarithm 1.80617997 
There remains the Logarithm of 73 x.85733251 
And ſuch is the Weight required. '. 


Sappoſe- the Weight of an Iron Buller being nine pound , the Dia- 
meter was four inches; che Weight being ſeventy rewo pound, what 
may the Diameter be ? 


The Logarithm of 08 0.95424251 
The Logarithm of 72 1.$5733250 
- * "The Logarithm of 4 ©0.60205999 
—— The double of chis again 1.20411998 
The {um of theſe laft - 3.66351247 
The firſt Logarithm ſubtraRed, there remains 2.70926996 
The third part thereof is 0,90308999g 


The Logarichm of 8, and (ach is the Diameter required. Il 
i r 
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Or according unto the ſecond manner of operation in the Rule of 
Three, the Difference berween Logarichms of lines given may be tri pled; 
the Difference berween the Logarithons of che Solidiry or Weight given 


may be divided into chree parts, pn” : 
So in the firſt Queſtion, where the Diameters were known, and the 
Weight required. 
The Logarichm of & V | 0.60205999 
The Logarichm of 3 0 90308999 
The Difference increaſing 3010 3000 
The triple of this Difference 90309000 
Added to the Logarithm of 9. 0,95434354 
Gives the Logarichm of 72 | 1.8573 2252 


In the ſecond Queſtion, where the Weight was known, and the Di- 
2meter required. 


The Logarithm of 9 is: 0,9542425I 
The Logarithm of yy” 1.85733250 
The Difterence increaſing: | go 308999 
The chird part of chis Difference 30102990 
Added to the Logaricthm of 4 0.60205999- 
Gires the Logarithm of $ ; ©.90308998 


PROP. VIIL 


Having tmo Numbers given, to find a third in contigual Proportion, « fourth, 
a fifth, a ſixth, and ſofornard. 


A rn to che firſt way in che Rule of Three, we may ſubtraR 

A. the Logarichma of che firſt namber, out of donble che Logarichm 

of the ſecond, the remainder ſhall be the Logarithm of che third, then 

ſubtrating the Logarithm of the firſt Number again, our of the Loga- 

rithms of che ſecond and third, that is, ont of triple che Logarithm 

- mw = % the remainger ſhall be che Logarithm of che fourth, and 
orward. 


As, 
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As, when 'we ſay : As 1 unto 2,, ſs 2 unto 4, and 4 ante Þ, and 3 
#nt0-I16, $:c. Becauſe rhe firſt Number is r, chere is no need of Di- 
vifion, bur only ro multiply. 2 the ſecond Number into it ſelf, the Pro- 
du& gives the chird Proportional Number to be 4 : then multiplying 2 
into 4, the fourth Propcrtional is $ : and multiplying 2" into 8, che 
fifth Proportional is 16; and ſoforward. So here the Logarithm of 
the firſt number being x, chere is ne need of SubiraRion, 
Bur-figding the Logarichm of 2 co..be 0.30102999 
The double gives the Logarichm of 4 0.60235999 
The Triple gives the Logarithm of $ 0.90308999 
The Qaadruple give the Logari:hm of 16 r.20411998 
and fo forward in infinitum. 
In all other numbers chat begin not with 1, we may either ſubrra& 
=_ Logarichm of che firſt Number or add-che. Complement unto the 
jus. 
As when the Numbers -given are 106 and 108, 
The Logarithm of 'the firſt Number 100 is '2.00000000 
The Logarichm of the ſecond 108 2.03342276 
[From the double of this ſecond Logarithm 4.06684752 
Subtra& che firſt Logarichm, chere remains 2,06684752 
cthe-Logarithm of 116 <* che third Proportional. 
Again, ſubtra& che firſt Logarichm 2.00000000 
Oar of the Sum of the Logarithms of 2.03342376 
The ſceend Namber and che chird Proportional 2.06684752 
There remains the Logarithm 2.09927128 
anſwering unto 125 £** che fourth Number in.continual Proporticia, 
According to the ſecond manner of Operation we may 'take the Dif- 
ference berween the Logarichms of che two Numbers given; ſo this Dif- 
ference applied co the Logarithns of the ſecond Number, ſhall give che 
Logarichm of che third Proportional : the ſame Difference applied to 
Logaricthm of che third Proportional,Challgivethe Logarithm of the fourth 
Proportional, or the double of this Difference applied cothe Logarithm 
of the firſt Number, ſhall give the Logarithm of che third Proportional : 
the treble of this Difference applied to the Logarichm of the firſt N umber, 


thall give the Logarichm of che fourth Proportional ; and ſo forward. 
As in the former Example where the two Numbers given were 100 and 

108, ſuppoſe x00 increafng to 108, and {> yearly in continual Propor- 

tion after the Race of $ in the 100, and that it were required to find 


what chis x00 would grow anto by the end of 20 years, 
c 
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The Logarichm of che firſt Number 100 is 2.00000000 
The Logarichm of the ſecond 103 2,03342376 
The yearly difference increaſing 3342376 
Added to che Logarichm of the ſecond, gives ' 2.0668 2752 


the Logarithm of 116 *5+ for the third Proportional ; And ſuch is the 
increaſe'ar the end of the ſecond year. 

Again, the ſame yearly Difference added to the Logarichm of che third 
Proportional, gives 2,.10025128 
the Logarichm of 125 £2 for che fourth Proportional, and che increaſe 
atthe end of the third year, and ſo thereſt. 

Bur becauſe che Queſtion is only of the 20th. year without knowing 
the reſt, we may multiply che former yearly Difference 3342376 

By 20: fo the Difference of 20 years 66847520 

Added to the Logarithm of the firſt Number 100, viz. 2.00000000 

Gives the Logarithm of 466 22+ 2.66847 520 
that is 4661. 1, 11. fere, the Sum that 100 would grow unco by the 
end of 20 years at the rate propoſed, 

In like manner af the ewo firſt Numbers given were 108 and 100: 
Suppoſe 108 decreafing tothe 100, and(o yearly in continual proportion 
and chat it were required to find what 106 would decreaſe unto by the 
endof 20 years: Or (which is all one) ſuppoſe 100 to be due 20 years 
hence, and that ir were required co find the worth thereof in ready mo» 
ney according to the former rate. 


The Logarichm of che fuſt Number 108 1 2.03342376 
The Logarichm of the ſecond 100 2 00000000. 
The Differences for the year decreaſing. "- 342376 
Taken from the Logarichm of 100 [:aves [. 95657624 


the Logarichm of 92 #2* for che third Proportional, and ſuch is the 
reſent worth of 1co/. dueat che yearsend. 

The ſame difference fubrratted once more lcaves 1.9331524$ 
The Logarichm of 85 24* for the fomth Proportional, and the pre- 

ſent worth of 100 /, due at che end of two years. 
The ſame Difference mulciplied by 20 makes 66847520 
And ſubtraRed from the Logarithm of 100, leaves 1.33152480 
the Logarichm of 21 ***2 chac is 221. 9s, 14, and ſuch is che preſenc 
C2: wort! 


CO  —_—— — — _——— T 
8 
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worth of 100 /. duc at the end of ae years ; So that chis preſent worth 
wa donor forch of the 100 /. principal debt,there remains 7$/. 10,1 x4. 
for the prefent worth of che continued gain chat may be made eicher of 
che loan of 1001. orof 8/. Anauicy after 20 years according to the for- 
mer rate, 


If a Leafe of 100]. by the year, or ſuch other yearly Penſion were 
to continue for 20 years, and that it were required to find the worth 
thergof in ready money. This might be found upon the fame ground of 
continual proportion, and char ſeveral ways. 

2. Ic appearech before, that 100 /. due at the years end is worth bue 
92 #22 in ready money : IF itbe due ar the end of cwo years, the pre- 
ſene worth is 85 /, #*®: then adding tlicſe cwo togerher, we have 
178 1. +2* for the preſent worch of 1001, Annuity for two years, and 
ſo forward. 


2, It appeareth before that the preſent worth of 87. Annuity for 20 | 
years is 7B. 5452 : and then it follows by proportion, 


As an Annuity of $1. 0000 0.90308999 
Ir to the worth thereof 78.5452 89511953 
| 9.9202954- 

So an Annuity of 100,0000 2,00000000 
Unto the worth thereof 981.8147 2. 99202954 


3. As the yearly Loan of 1001, includes an Anyaity of 81. So there 
is a Sum <quiyalenc ro 100 /, Annuity. 

This Sum equivalent may be diminiſhed according to the Number 
of years as before: ro the Complement of che Sum. diminiſhed to the Sum 
equivalent ſhall be the preſent worth of che Annuity, 


Asthe yearly gain of 3 0.90308999 
To the Loan of x00 2.090000080 
$o an Annaity of 100 2,00000000 
To the Sum equivalent 1250 3-09691001 


Then 
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Then for diminiſhing of this Sum equivalent, we may multiply che 


former yearly Difference 3342376 
By > che Difference for 20 years 66 - _ 
Taken frem che Logarithm of 1250 3-0969 1001 
There remains the Logarichm of 268.1853 2.4284348r 


Whoſe Complement to r250 is g81.8147, that is 981 1. 16 7,3 4, 66. 
and ſuch is che preſent worth of 1001, Annuity for 20 years, at the 
rate of B in the 100 per annum, 

The like reaſon holdeth for any other rate and time propoſed, 


PROP. IX. 


H, two extreme Number: given, to find a mean Proper- 
pond between them. a T 


 , the Logarichms of che two extreme Numbers: the one half 
of the Sum ſhall be the Logarichma of che mean Proportional. 
As if the rwa extreme Numbers given were 8 and 33. 


The Logarithm of 8 is 0,90308999 
The Logarithm of 32 1.50514998 
The Sum of both Logaruhms 2 40823997 


The half of this Sum 1s 1.20411998 
The —_—_— of 16: and ſuch is che mean Proportiopal here xe- 
quired, 


PROP, X. 


Having two extreme Numbers given, to find two wtan Pro- 
partionals between them, 


N che ordinary way of Arichmetick we commonly multiply che great- 
er Extreme by che Square of the leffer, ſo the Cubique Raor of the 
Produt (hall be che lefler mean : then multiplying the lefſer Mean into 
the gzearcr Extreme, the Square Root of the Produ& ſhall be the greater 
Mean Proportional : Or having tound the leſſer Mcan, we may find che 
other Mean by continual Proportion, 
Accordingly we may add the Logaruhm of the greater Extreme, to 
double che Logarichm of cheleſſer, ſo the chird part of che Sum ſhall be 
Ez 2 the 


<< 
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che Logarichm of the lefſer Mcav. Then adding this Logarithm of 


rhe lefler Mean, to the Logarcchm of the greatcr Extreme, the one halt 


of che Sum (hall be che Logarichm of che greatcr Mcan Proportional, 


- As if the ewo extreme Numbers given were 8and 27. 


Add co the Logarithm'of *'8, viz. 0.90 308999 
The ſame again . 0.9030899g 
And che Logarichm of 27 1.43754374 
The Sam of theſe will be 3-23754374 
The third part of this Sum is 1.07918125 
che Logarithm of 12 the leſſer Mean Proporcional. 
Add to this Logarichm of the lefler Mean 1,0791$123 
The Logarithm of thegreater Excreme 1,43136736 
The Sum of both Logarichm will be 2.054501 
And the half of this Sum is 2,155 27250 


The Logarithm of 18, che greater of the two Mcan Proportionals here 
required. © | 


Or according to the ſecond manner of Operation in the Rule of Three, 
(which is the work that I always follow in che line of Numbers) we 
may take the Difference between the Logaruhms of the ewo exireme 
Numbers, and divide this Difference inco three equal parts, {6* the Sum 
of the Logarichm of the leſſer Extreme and 5 part, ſhall be the Loga» 
rich of the lefler Mean : the Sum of this Logarithm of the leſſer 
Mean and the ſame Þ part, ſhall be the Logarichm of che Greater Mean 


Proportional. 


So the Logarithm of $ being ©.9030900 
The Logarithm of 27 1.433637 
The Difference berween them $3282737 
The chird part of this Difference 1760912 
Added to the Logarithm of 8 gives 1.07918t2 
the Logarithm of 12- che lefſer Mean. 
' The ſame added to the Logarithm of 12, gives- 1:25 52725 


the Logarithm of 18 the Greater Mean Proportional 
And 
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And by the ſame reaſon, 3f it wore _— to find three Mean Pro-- 
portionals, we mighc divide the former Difference into four equal parts 
and fo forward. 

Asif ir were required co fiud che firſt of eleven Mean Proportionals 
berween 100and 108, Or (which1s all one) ſuppoſing 100 /. increaſing 
incontinual Proportion, ſoas chat by che end ot. x2 months ic came to 
108 /. and chat ir were required co find what chis 100 /.. did 'grow 
anto by the end of the firſt Monch. | 


The Logarichm of the firſt Extreme 100 is 2.0000000 
The Logarichm of che ſecond 108 2.0334237 
The yearly Difference berween chem 334237 
The 1 2, part or monthly Difference- 27853 
Added to the Logarihm of 1eo gives 2.002705 3 


The Logarichm of 100.64340301 the firſt of the eleven Mean Propor- 
tionals: and the growth required. 


Then having theſe two, roo and 100. 64340301, together with 
108, che laſt of ewelve, the other Intermediate may be found by con* 
tinual Proportion as before. 


This Explication of my ten former Propofitions may ſerve for the 
frugal Uſe of-che Table of Logarithms. Thoſe which require more may * 
_ —_—_— to that Treatiſe which is mentioned before in che Froncof 
the Table. 
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CHAD. Il. 


Concerning the Uſe of the Lines of Sines and Tangents in the 
reſolving of Spherical Triang les. _ 7 


( Peres! the Uſe of the Lines of Sines and Tangents I have 
ſhewed ingeneral, in the ſeventh and eighth Chapters of che 
fiſt Book of the (roſe-fteff, how they might ſerve for the Re- 

ſolution of all Spherical Triangles. More parucularly in the Uſe of my 

Seftor, Chap, 5. Iredaced that which is commonly required in a Sphe- 

rical Triangle into 28 Caſes, And for theſe chey maybe all reſolved by 

ns of Arrificial Sines and Tangents wichom che help of Secancs or 

'verſed Smes. 


of the ſecond and third, 2nd fubrrat the Logari 
Or we may take the Difference berween che Logarith 
and ſecond, and apply that Difference tothe png. an of the third. 
_ The firſt of cheſe ways is beſt for the reſolution of right angled Tri- 
angles where the Radius, viz. 10.000000 is one of the three Num- 
br given, bur the ſecond way by Differences is more convenicne for 
the | 


The like manner of work may be obſerved when we are to conſider 
the Sinesor Tangents of Degrees, Minutes and Seconds. For the Seconds, 
nor expreſſed in the Canon, will be found by the Part Proportional : as I 
will ſhew in the Examples following. 


x. If ic were required to find the Sine of 51 gr. 32 min, 15 ſec. I 
ſhould find, 

The Sine of 51 deg. 32 wm, is 968937452 

The Sine of 5" deg. 33 mw. 9.8938455 


The Tabular Difference between them 1003 
Then the Difference berween 32 »», 2nd 3 3 1». being 60 Seconds, the Pro- 
portion will hold, 


: PP. /| 
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At 60 Seconds ' wnto 1003 
So 15+ \ 1, 10000, * 1, 251. the part Proportio- 
nal co be added unto the Sine g1 deg. J2"mit; 
So ſhall we have 9.8937703, for the Sine of 51 deg. 32 min. 15 ſec. 


2. If it were required co find the Degrees, Minutes and Seconds be- 


longing to this Tangenr lo 0999782 
I houl find by the Canon that this is ſomewhat more ton th Tan- 
gent of 51 deg. 32 min. 10.0999! 34 
Leis chan che Tangent of 52 deg, 33 midi. ' 10.400172& 
The tabular Difference berween theſe is 2594 
And the proper Difference is 648 


o—_ the leſſer of theſe Tangenrs, and the Tangent given-: there- 
ore : 
As 2594 unto 60 Seconds, 
$o 648 wnto 5 ! And fo; I fad 
this to be the Tangent of 51 deg. 32 min. 15 ſec. | 


3. If it were required to find the Sine belonging to this Tangene 
10.09997 $2, I ſhould find the Ark to be ſomewhat more than x 1 gr, 
1 #in. and the Sine correſpondent ſomewhat more than 9.893744 2, 
. 5a taking out the Differences as before, I find, thar 
As the tabular Difference of Tangent 2594 3.4139700 
64$- 


I ts the propey Difference 2.8129750- 
| 6023950 
So the tabular Diff. r:nce of Sines 1003 3.001 300g + 
| To the Part proportional 252. 2.3989059:; 
This Part proportional added unto the former Sine - 9.8937452 


gives 98937703 for the Sine required. 


Theſe Premiſſes conſidered, I tome to the 3$: Caſes before-menrioned, . 
wherein I ſer down a Canon and an Example for each Caſe, and theſe - 
for rhe moſt part the ſame which Iuſcd before, 

Thoſe which have no further uſe but of Degrees and Minutes, may - 
take thar Sine or Tangent which they find to be-next in-the Canon, and 
acpleR the Seconds. | 


In 
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In a RECTANGLE TRIANGLE, 


T. To find 4 Side by knowing the Baſe and the Angle oppoſite 
| to the enquired Sid:. 


As in the ReQangle Triangle A C B, 
wherein A ſtands for the EquinoRial poine ; 
A B, an Ark of the Ecliprick repreſenting 
the Longicade of che Sun in the beginninf 
of 5; BC an Ark of the Declination og 
che Sun from che Equator , and: A C an 
Ark of che Equator repreſenting the Right 
Aſcenſion of the Sun in B: Knowing the 
Baſe AB to be 30 gy. and the Angle 
BAC 23gr. 31 win. 30 ec. if ic were required to find the Side 
BC, 7 08 d. m. ſec. 
A: the Radina, the Sine of 90 ©o ©o 10,0000000 
Is to the Sine of the Baſe 30 Oo Oo 9.698 9700 
$9 the Sine of the oppoſite Angle 23 31 30 9.6011 352 


[Om DIR 


To the Sine of the Bide required 11 30 43 19. 3001052 
And ſo writing the Sine 9g.6001652 in a Paper by itſelf and hold- 
ing to the Sine of the Baſe in the Canon 1 gy. 2. 3. 4.5. and fo for- 
ward, it. would be no long work co write the Sum in a Column by it- 
ſelf, and- ſo find the Declination tor each Degree and Minute of che 
Ecliptick. 
, 4 To find a Side by knowing the Baſe and the other Side, 


As in the Refangle ACB having AB 3ogr, andBC 1 gr. 30 w, 
43 ſec. to find the Side A C. 

At the Cofine of the Side given It 30 43 9:-9911740 - 

[Is to the Riding 90 oo oo 16,0000000 

So the (ofine of the Baſe 30 ©oO Oo 9.9375306 

To the Cofine of the Side required 27 53 43 _ 9.9463566 

. ro To 


and Tablts of Logarithins. =. 
3. To find « Side by knowing the two Oblique Angler. : 


As in the ReRangle A CB havingC AB for the firſt Angle 23 py. 
31 win. 30ſec. and A BC for the ſecond 6g gy. 20 wn, 35 /ee;'to find 
the fide AC. 

As the Sine of the next Angle 23 31 30 _ 9.,6011352 


Is to the Radiw go oo oo 100000000 
So the (ofine of the opp'ſte Angle 69 20 35. 9.5474918 


CO —— 


To the Cofene of the Side required 27 53 43 9.946 3566 
4+ To find the Baſe by karwing both the Sides. 


AS in the ReQangle A C B, having AC 27gr. 53 1. 43 ſee. and 
BC, 11 gr, 30s. 43 ſec, to find the Baſe AB. 


At the Radicu go. co co 10,0000080 
To the Coſine of the one Side 27 53 43 9.9463566 
So the Coſine of the #ther Side it 30 43 9 9911640 
To the Cofine of the Baſe 30 cv .co | 9.9375 306 


5. To find the Baſe by knowing one Side and the Angle 
oppoſite to that Side. 


As if in the former Triangle ACB we draw B D and Ark of the 
Horizon for the Laticude of 5x gr. 30 win. 1cpucing the Amplicude of 
- the Suns Riſing from che Eaſt, we ſhall have two Triangles more, one 
ReQangle BCD, che cther Obliquadrangled A B D, and fo in the 
ReQanrgle D C B, havinz BC 11 gr. 30m. 43 ſec. and BDC 38 gr, 


oO min, if it were require to find the Baſe D B, 
3 


As the Sine of the Ang'e 38 3o oo 9.7941495 
To the Sine of the Sid: 11 30 43 9.:GO1052 
Sow the Radime 90 OO Oo 10,0000000 
To the Sine of the Baſe 18 41 56 9.5059556 
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6. To find an Angle by knowing the other Oblique Angle, and the 
Side oppoſite to the Angle required. 


As in theReQangle A C B, having BAC 23 &. 31 min. 30 ſec. 
and AC 27 gr. 53 min. 43 ſoc. to find the Angle ABC. + 


At the Radin 90 ©o oo 10 0000000 
To the Sine of tha Angle given 23 31 30 9.6011352 
Sothe Coſie of the Side 27 $3 43 9.946 3566 


| — 


To the Coſine of the Angle required 6g 20 35 19.5474918 


7. To find an Angle by knowing the other Oblique Angle, and the 
fot Side oppoſite to the eAngle given. mt 


As inche ReRangle A CB, having BA C 23 gr. 31 min, 30 ſec: 
and BC 11dep. 30 min. 43ſec. co find the Angle A BC. 


As the Cofone of the Side It 30 43 9.9911740 
To the Cofine of the Angle given 23 31 30 g.9623153 
So #« the Radinu 90 ©O OO 10.,0000008 


———— 


To the Sine of the Angle required 69 20 35. 9.9711413 


8. To find an eAngle by knowing the Baſe, and the Side 
oppoſite to the Angle required, 


As in the Reangle B C D, having BD 18 yr. 41». 56 /cc. and 
BC 11gr. 30 min. 43 ſec, tofind the Angle BDC. 


eAs the Sine of the Baſe 18 41 56 9.5050008 
Is to the Radius go ©O ; © I©0,0000000 
So the Sine of the oppoſite Side It 30 43 9$.3001052 
To the Sine of the Angle 38 30 © $g.7941495 
Theſe cight Prapeliaiain bore been wrought by Sines alone ; the eighc 


following require joynt help of Tangents, 


9. To 
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Angle oppoſite to the Side required. 


9. To find a Side, by knowing the other Side, 


137 


and the 


As in the ReQtangle A C B, having A C 27 gr. 53 wie. 43 /ee. and 


BAC 23gr. 31 win, 3@ ſec. to find the Side B C. 
At the Radinu 90 ©0 ©o 


To the Sine of the Side given 27 53 43 
So the Tangent of the oppoſite Angle 0 23 31 30 


To the T angent of the Side required 11 30 43 


10.0000008 


9.6701112 
9.6388199 


—___Y 


19.308931:1 


10. To find a Side by knowing the other Side, and the Angle 


next the Side required. 


As in the ReQangle BCD, having BC 11gr. 30min. 43 [ent and 


BDC 38gr. 39 min. co find DC, 
At the Tangent of the Angle 38 30 og 


| To theT angent of the Side given 11 30 47 
$0 the Radiru 90 oo oo 


To the Sine of the Side required 14 50 11 


9.9006053 
0.308931: 
10.9000000 
—_—_———_— 


9.4083259 


ll, To find a Side by knowing the Baſe and the Angle next 


the Side required. 


As inthe ReQangle A CB, having AB 30 gr. 00 min. and BAC 


23 gr. 31m, 30ſes. to find the Side A C, 


Alt the Radins | go O00 Oo 
To the Coſine of the Angle 23 31 30 
So the T angent of the Baſe 30. 0@ ©0 


To the T angent of the Side required 27 53 43 
Aaaa 2 


-10.0000008 


IR 


9.9623153 
9.7614393 
19.7337546 

12, To 
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TY To find the Baſe by knowing both the Oblique QAngles. 


© As in the Reftangle ACB, having BAC 23 gr, 31 win. 30 ſee, 
ABC 69gr. 20m, 35 ſec. tofind the Baſe AB. 


£1 the T avgent of the one Angie 23 3 30 g.638819g 


| To the Cotangent of the other 69 20 zo 9.5763 505 
So the Radins go OO © 10,0000000 
* .. To the. Culine of the Boſe * 30 00 60 9.9375306 
| 13. To find the Baſe by knowing one of the Sides and the 
eAngle next that Side. 


As in the ReQangle ACB having AC 27 gr. 53 min. 43 ſec. and 
BAC 23 yr. 31 ws, 30 ſee. to find the BE AS 


\ Avthe Cofone of the Angle 33 31 30 g.9623153 
i ta the Rading go OO O8 10,0800000 
So the Tangent of the Side 27 53 43 97337547 
Te the Tangent of the Baſe 30 ©0 oo 9.76143 94 


14, To fnd an Angle by knowing both the Sider. 


As in the ReRangle A C B, having AC 27 gr. 53 min. 43 ſec, and 
BC 11gr, 30 win, 43 ſec. to find the Angle A BC, 


Als the Sine of the next Side 11 30 43 9.3001052 
I; to the Radixs go ©o0 OO 10.0000000 


$o the T angen#of the oppoſite Side 27 $3 43 97237547 


I — 


To the T angent of the Angle 69. 29 35 10.4236495 


OE OUS | IS, To 
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15. To find an Angle by knowing the Baſe, and the Side next 
the (Angle required. | 


As in the ReQangle B C D, having BD 18 gr. 4t as, 56 ſee. and 
BC 11 gr. :30 w. 43 ſec. to find the Angle B D C. 


As the Tangent of the Baſe 18 41 $56 9.5295063 
To the Tangent of the Side It 30 43. 9.308931 
&o © the Radiuu go OO. © 10.0000000 
To the Coſine of the Angle 53 00 46 9.7794 248 


16. Tofind an Angle by knowing the Baſe and the other Oblique Angle. 


As in the ReQangle A C B, having che Baſe A B 30gr. and BAC 
2397. 3! mw. 30ſec, to find the Angle BA C; 


As the Coſmne of the Baſe 30 oO 00 9.9370000 
- 1s to the Radiru go OO OO 129,0000000 


So the Cotangent of the Angle given 23 31 30 10:3601801 


— 


To the T angent of the Angle required 69 20 35 10.4236495. 
Theſe 16 Caſcs are all char can fall out in a Reangle Triangle. Thole. 
which follow do hold in any Spherical Triangle whatſoever. 


In any SPHERICAL TRIANGLE whatſoever. 


17. To find a Side oppoſite to an Angle given, by knowing one Side and two 
Angler, the one oppoſite to the Side given, the other to the Side required, 


As in che Triangle A B D, having AB 3ogr. BDC 38 gy. 30 m. 
and BA D 23gr. 31m. 30 ſec. co find the Side B D, whith here re- 
preſenceth che Amplicnde. 


As the Sine of the next Angle 38 3a oo 9.7941495 
To the Sine of hu oppoſite Side 30 00 oo g.6989700 
951795 
So the Stne of the oppoſite Angle 23: 3) 30 g9g.60113523 


To the Sine of the Side required 13 41 56 9g, 5959507 
[1 
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Or changing the Site of the twa middle Terms. 

As the Sine of the next Angle © 38 30 oo 
To the Sine of the oppoſite Angle 23 31 30 


So the Sine of the Side given 30 ©0. ©0 
To the Sine of the Side required 18 41 56 


9.794495 
9.6011352 | 


1939143 


9.6989700 
9+3059557 


And ſo writing this Difference 1930143 in a Paper by itſelf, and 
holding ir co the Sine of che Sidein che Canon 1 gr, e,3, 4, 5, and (o 
forward, it would be no long work to ſubtraft, and write the Remain- 
der ina Column by itſelf, and ſo find the Amplitude for each Degree 


and Minute of che Ecliprick. 


Or inſtcad-of ſubrraRing chis Difference, we might firſt rake the ſame 
out of the Radius, and then add the Complement as I ſhewed before, in 


che general explication of the Rule of Three. 


18. To find an Angle oppoſite to a Side given, by knowing one Auple and two 
Sides, the one oppoſite to the Angle given, the other to tbe pas; required. 


As in theTriangle Z Þ $ repreſenting the 
Zenith, Pole, and Sun: where Z Þ is the 
Complement of the Latitude, Þ $ che Com- 
plement of the Declination, Z $ the Com- 
plement of the Sans Alcicude, Þ ZS che 
Azimath, Z P'S che hour cf the day from 
the Meridian, and PSZ the Angle of the 
Sans Poſicion in regard of the Pole and Ze - 
nith ; havingPZS, 130gr. 3 min, 11 ſec. 
PS 7ogr. and ZS 4o gr. to find the Angle ZPS. 


As the Sine of the next Side 70 Oo OO 
Ti to the Sine of his oppoſite Angle 130 03 11 
So the Sine of the oppoſite Side 40 OO Oo 
To the Sine of the Angle required 3t 34 26 


19. To find an dogle by knowing the three Sides. 


As in the Triangle ZP S, having ZP 38 gr. 30win. 
ZS 40gr. to findthe Angle ZPS, ſubrending the Baſe Z S, 


9.9729858 
9.88 39153 


890705 


9. 8080675 
9 7189970 


PS 70gr.and 
A 
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As the Reftang'e contrined wader the Sines of the Side, us to the Square 
of the Radinu : 

So the Reftangle conteined wnder the Sines of the Half- Sums of the three 
Sides, and the Difference between this Half Sum and the Baſe, 

To the Square of the Coſine of balf the Angle required. 


The Baſe ſubrended is 40 g7- 00 we 
The two Sides including che Angle ;b = 
The Sum of the three Sides 148 30 
The Half-Sum of cheſe three Ig: - 
The Difference berween this and the Baſe 34 15 


Here for the Square of Radius we take 20,0000000, to this we add 
9 9833805 the Sine of 34 gr. . min, and 9.7593579 the Sine of 34 gr» 

15 min. which make 39.73373%4. 

Then for the ReQangle of the Sides, we add 9.7941495 the Sine of 
33 gr. 30 win. and 9.9729858, the Sine of 90 gr. which make 
19.7671353. This we take out of 39 7337384, and chere remains for . 
the Logarithm of che Square 19.9666031, the half thereof 9.9833015 
we find to be the Cofine of 15 gr. 47 win. 13 ſec. And fo the whole 
Angle required is 31 gr. 34 win. 26 ſec. 

Or for ſuch Numbers as are to be ſabtrafted, we may rake them out 
of the Radius, and write down their Complements, and then add chem 
rogether wich the reſt, che manner of che work in cicher way will be ſuch . 
as followeth, 


40. gr. OO mw, 
38 30 9.7941495 2058505 
70 Oo 9.97 29858 270143 
148 30 19.7671353 
74 1s 9.9831805 9-98 33805 - 
34 15 9.7593579 97503579 . 
20, COOOgODaO 
39.7337384 
19.9666031 gr. m ſec. 19.9666031 
9.9833015 15 47 13 9.9333015 


31 34 36 


In 
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In the like manner we may find the Angle PZS tobe 130 gr, 4 w. 
11 ſee, and the Angle ZSP 30gr. 28 w. 11 ſee. 


20. To find a Side by knowing the three Angles. 


If for eicher of the Angles next the Side required, we take the Com- 
plement to 180 gy. theſe Angles will be curned into Sides, and the Sides 
into Angles. Then may the work be the ſame as in che former Propoſition. 


* AsintheTriangleZ P'S, knowing the AngleZPS to be 31 gr. 34m. 
26 ſec. PLS 130 gr. 3m. ſec. and ZSP 30 gr. 28 wn, 11 ſec. if 
it were required to find the Side Z S oppoſite co the Angle ZPS, I 
would take 130 gr.\ 3 m. 11ſec. out of 180 gr. the Remainder will 
be 9 © | 

Then, as if I had a Triangle of three known Sides, one of 31 gy. 34m. 
26ſec, another of 30 gr. 28 m.-11 ſec. and thethird of 49 gr. 56 w. 
49 ſec. 1 would ſeek che Angle oppoſite to the firſt of theſe Sides by the 
hſt Propoſition. | 

So the Angle which is thus found would be the Side which is here re- 


quired, 


Thus here the Angle oppoſiteis 31 34 26 


The leſſer of the next Angles zo 18 rr 9.7050790 
The Complement of the other 49 $56 49 9.8839153 
| The Sum of theſe chree 1: BE BE 
The Half Sum 55 $59 43 9.918540 
The Diff. from the opp, Angle 25 25 17 9.6164170 
The Sum of donble the Radius and 20.0000000 
The Sines of Half Sum and Difference is 39. 5349660 
Take hence the Sines of che next Angles " 19 5389943 
There remains for the Square 19.943 9717 
The half whercof 1s 9.9729858 


te Coſine of 20 gr. 00 mw. and (o the Side required, 40 gr. 00 m. 

The other Sides may be tound in the ſame fort ; but when we know 
eicher three Sides and one Angle, or three Angles and one Side, the reſt 
may be found more readily by the 17 or 18 Propoſition, 


2I, To 
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21; To find a Side by having the other tw Sider and the 
Angle comprehended, 


This and the Proportion following are beſt reſolved by reducing 
the oblique-angle Triangles given, into two ReRangles. 


S R N 
P'; 

Asin the Triangle Z P S, having ZP 38 gr. 30m. PS 7agr. 00 ws 
and ZPS 31 gr. 34m. 26 ſec. to find the Side ZS. 

In that we have ZP and ZP'S, we may ſuppoſe a Perpendicular 
ZR to be let down from the Angle at Z upon che grearer Side Þ $: 
Soif ZPS the Angle given be leſs than g@ gr. ic will fall within che 
Triangle ; if more than go gr, it will fall wichout the Triangle, upon 


the Side produced, and divide the Triangle given into two ReQangsl 
ZRS and ZRP. Wherein Ages 


1, We = find the quantity of chis Perpendicular by che firſt Pro. 
poficion of Spherical Triangles. 

2, We may find the Side Þ R either by the ſecond or tenth, or ra- 
ther by the eleventh Propoſition : which Side PR will give the Side 
RS. 

3. Having ZR andRS, we may find the Baſe Z S,' by che fourth 
Propoſition, as I ſhew in the uſe of the Sector. 


But here for varicty I will ſhew how the ſame may be done at two 


Operations, both in this and the reſt of the Caſes following, wichaur 
knowing the quancity of the Perpendicyflar, 


Bbbb 


94 TWyMWMH YU RH TH Came 
1« Aithe Radins or Sineef ZRP go os od 10.000c000 


A _——_—_—_ 


To the Coſine of the Angle Z ÞR 31 34 26 9-9304233 


So the Tangent of the Side LP 38 zo co geg006052 
To the Tangent of the Ark PR 34 o7 3o 19,83t0275 
2. As the Cofine of PR 03 .07 3o 9.9179343 
T« the Cofine of ZP 38 30- 00 9.3893 5443 
Wok 243899 

So the Cofine if RS 35 $2 30 9.90864 38 
To tht Coſine of ZS © 40 o©0. 00 9.8842 539 


22. To find a Side by knowing the other two Sides and one 
Angle nevt the Side rtquired. 


Asin the Triangle Z Þ S, having ZP, 38 gr. 30m. and ZS 4ogr. 
Ow. and ZPS, 31 gr. 34m. 26 ſec. to find the Side PS, 

2. Find the Ark PR ”y the eleventh Propoficion as before. h 
2. As the Cofine of Z 38 zo oo 9g.8935443 


To the Coſine of PR 34 07 30 - 99179342 
hg 223599 

So the Cofint of ZS - 49 ©© o© g. 8842539 
To the Coſine of SR 35 52 30 g9,9086478 


23- To find a Side by knowing one Side and the two Angles 
next the ſecond Side, - 


_ Asin the Triangle ZP'S, having ZP 38gr. 30w. ZPS 31 gr, 
34m, 26 ſec. andZSP 3ogr. 28m. 11 ſec. co find the Side P'S. 
rt. Find the Ark PR as before. 


2. As the Tangent of Z SP 30 28. 11 9+769632z6 
Tothe T angent of ZRS 31 34 26 9.7885746 
_- 289 510 

So the Sine of PR 34 07 30 9.7489617 
To the Sine of SR 35 52 30 9.76791 7 


24» To 
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24. To find a Side by knowing ts Angles and the Side 
incloſed by theme. 


As inthe Triangle ZP S, having Z P 38 gr. 30m. ZDS 31 gr. 34m; 
26 ſee, and PZS 130Ogr. 3m, 11 ſec. to find the Side Z S, 


I. As the Cofine of 


Is to the Radirus 
So the Cotangent of 


To the Tangent of 


2, As the Cofine of 
To the Coſine of 


So the Tangent of 
Tothe T angent of 


2, As the Sine of 
To the Sine of 


So the Coſine of 
* To the Coſine of 


PZ 


ZPS 
PZR 


SZR 
PZR 


PZ 
ZS 


25. To find an Angle by knowing the «ther two Angles 
and the Side incloſed by them. 


As in the Triangle ZP$. having ZP 38 gr. 30m ZPS 3tgr. 
34mm. 26ſec, andP ZS130 gy. 3 m. 11 ſec. to find the Angle ZS P, 


PZR 
SZR 


ZPS 


ZSP. 


26 ſec, and ZS Þ 30 gre 28m, 11 / 
fee, & Bhs 


38 30 


65 44 
64 18 


3$ 30 oo 
40 oo OO 


OS 


©0 
26 


FO 


22 
Fo 


9. 3935443 


—_—_—_— 
I $.000000868 
IO.21 I4253 

eummmmanatd 


10.9178810 


96137228 
9.636931 

232083 
9.900605 2 
9. 9238135 


r. Find the Angle PZR by the fixteeuth Propoſicion 2s before. 


64 18 Fo 9.95451322 
65 44 21 9.9598453 

| 50338 
31 34 +26 g.93042323 
zo 28 It 99354554 


26. To find an Angle by knowing the other two Angles and 
one Side next the Angle required, 


Asinthe Triangle Z P'S, having ZP.g8.gr. 30 m, ZP Sg4-gr. 34 8. 
&c.\z0 find the Angle PZ S, 
| 1, Find 
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rt. Find the Angle P ZR as before. 


. 2+ As the Coſone ZPS 31 34 26 9g.93042123 
To the (ofineof ZSP 30 28 11 9 9354554 
$033E 

So the Sineof PZR 64 18 - 50 9.9548122 
To the Sineof *'\ S$SZR 64 44 21 9.9598453 


27. To find an Angle by knowing two Sides and the 
Angles contained by thens. 


As in the Triangle Z P S, having ZÞP 38gr. 30m. PS70gr. and 
TPS 31 gr. 34m: 26ſce. ro find che Auzgle ZSP., | 


1, Find the Ark PR as before. 


22 At the Sint of SR 35 52 30 g.7679t27 
( To the Sine of © PR 34 07 30. 9.7489617 
189510 

$0 the Tangent of ZPS 31: 34 26 ; 9.78857 46: 
To the T angent of ZSP 30 28 It 9.76968 36 


28, To find an eAngle by knowing two next Sides, and 
one of the other Angles. 


Asin-the Triangle Z P'S having Z P 38 gn, 30m. Z'S 40 gr. and 
ZPS 31 gr. 34m. 26 ſec, to find che AnglePZS, 


' 1, Find che Angle P ZR: as before, 


2. Ai the Tangent of ZS 40 © O&,Þ, g.9a;38135 
To the T angent of ZP 38 03 oO g.9006052 
_ 2323083 
Ss the. Coftne of | PZR 64. 18+ go: 9g.6369311 


To the Cofine of SZR G65: 44, 21. $9,6137228 
| Theſe 
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Theſe 28 Caſes are thoſe which I ſet down in che uſe of the SeRory 
and all chat are commonly required in a Spherical Triangle. 1 will here 
add two more, to ſhew how that which is foand before by the 22, 23, 
26, and 28. Propoſitions may ſometimes be found more cafily, viz. 


2g To find a Side, by knowing the other two Sides, and 
their oppoſite Angles. . 


As in the Triangle ZP S, having PS 70 gr. andPZS 130gr. 3 m. 
11 ſec. together with Z S$ qogr. and Z PS 31 gr. 34m, 26 ſec. 
fiad che third Side Z P. | 


Ar the Sine of half the Difference of the Angles given, 
To the Sine of half the Sum of thoſe Angles : 

Ss the T angent of balf the Difference of the Sides given, 
To the Tangent of half the Side required, 


30. To find an Angle by knowing the other two Angler, 
and their oppoſite. Sides. 


Az-i» the Triangle Z P S, having theformer parts PS, P ZS, Z'S; 
and ZPS, to find the third Augle ZSP. 


A the Sine of balf the Difference of the Sides given, 

To the Sine of half the Sum of thoſe Sides : 
Sathe T angent of half the Difference of the Angle: given,.. 
Tothe Cotangent of half the Angle required.. 
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CHAP. 1II. 


Concerning the joywt Uſe of the Lines of Numbers, Sines 
and Tangents. 


<q the joynt Uſe of the Lines of Numbers, Sines and 


ey 


| Tangents, I (ſhewed how they might ſerve for the Reſolution 
| of Right-lined Triangles, whereof I ſer down five Propoſitions 

in che ninech Chapter of che firſt Book of che Croff-faff, And theſe 
alſo may be applied co the Table and Canon of Logarithms, 

The Sides of cheſe Triangles are meaſured by abſolute. Numbers, 
and ſo repreſented by Logarithms, 

The Angles are meaſured by degrees and minutes, and ſo to be found 
by Sines and Tangentsin the Canon. 


PROP. L 
Having three «Angles and one Side, to find the other two Sides. 


FF it be a ReQtangle Triangle, wherein one Side about the right Angle 
being known, it were required only to find che other, this might be 
readily | fy by Sines and Tangents. As in the ReQtangle A I B, know- 
ing the AngleB ATI to be 43.65 20 ms, andtheSide AI tobe 2.44, if 
it were required co find the Side A I. 


As the Radiru (the Tangent of) 45 gr. 00m. 10,0000000 


Ii to the T angent of the Angle 43 _ 9.97.49 195 
So bh the Sidegivn Al 244 *** 2.3 873898 
To the Side required BI 230 Az 13,3621093 


Bur where both che orher Sides are required, it is beſt done by Loga- 
rihes and Sines. Asin the fame ReQangle AT B, having the chree 
Angles and the Side AT, to find both BI and A B. 


As 


auld Tables of Logarithws. 199 
As the $tne of the oppoſite Angle FT ig 45 4 9617575 
9 


I's to the Side given 244 900 2.3873 
| 7. 4743676 
So the Sine of the ſecond Angle BAI 43 20 9.336 4770 
To hu oppoſite Side BI 230 324 2. 3621093 


— CO —— 


And the Sine of the third Angle AI1B 90 ©o 10, 0000000 

To hs oppoſite Side «x AB 3395 2 N8R25206323 

The like holdech alfo'4n Oblique-angled Triangles. 

As in che Triangle ABD { which I propeſed formerly as an example 
for the finding the Diſtances) where knowing the Diſtance berween A 
and D, tobe 100 pacesz the AngleB A C tobe 43 gr. 20 wv. che Angle 
BDA 122, orthe outward Angle BDC 58gr. aud conſequently the 
Angle ABD oppoſite to A D the Side given, to be 140 gr. 40 mw. 
Ir was required to find the Diſtances A Band DB. 

As the Sine of the oppoſite Angle ABD 14 40 9gye4034554 


Is to the Side given AD 100 242 2,0000000 
; 7:4934554 - 
So the Sine of the ſecond Angle ADB 58 oo g g3284:04 
To hu oppoſite Side AB 334 242 2 5249650 
And the Sine of the third Angle DAD ' 43 [26 | of 264770 
To hu oppoſite Side | DF 291. 22*.  a,432p06 
PROP. IL | | 


H-ving two Sides and one Angle oppoſite to either of thoſe Sides, to find the 
other 6xw Angles and the third Side. 


5 pore Triangle ABD, having the two Sides A B 335 paces ; 
and A D 100 paces, and knowing the Angle A D B which is 
oppoliceco.the Side AB, to be 122 gy. or the outward Angle BDC to 
be $$gy. if it were required co fd the other two” Angles at A aud B, 
and 'the third Side B Dy 1 may fiſt find an Angle ABD oppoſite to 
the ocher known Side AD. 


At. 
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As the oppaſite Side AB 335 ** 4.3250448 
i. To the Sins of the Angle given "ADB $58 co 9.9284204 

7-403 3756 
$0 % the next Side A-D 100 222 2.00000080 


To the Sine of his oppoſite Angle ABD 14 59} 94033756 
G4 
W4 
> 

Fi 
/ 


y . EE 

's i 

; ; 
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Then knowing theſe ewo Angles at D and B, I take the inward 
Angle ABD 14 gr. $9 m. 50ſec. out of the ourward Angle BDC 
58 gr. ©O wm, —_— find the third Angle BAD, tobe 43 gr. 20m: 
© FM » So having three Angles and ewe Sides I may well find the third 
Side B D by the former proportion. 

As the Sine of the fr ft Angle ADB $8 oo gupt84:0gq 

11 to bis oppoſite Side AB 335 * 2.5250448 


7-4033796 


So the Sine of the loft Angle DAB 43 2045 9.836504g 
T 8 bis oppoſite Side DB 


271 ©** 2 2,4331277 
PROP. 


aud Tables of Ligarithms. 
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Having two Sides, and the Angle between them, to find the othir two 
Angles and the third Side, 


F the Angle conteined between the ewo Sides given be a right Angle, 

che other two Angles will be found readily by Tangencs and Loga- 
rithns. Asin the Ro AIB having the Side AI 244, and the 
Side I B, to find the Angles at A and B, 


Als the greater Side AI 244 2.3873898 
1s to the leſſer Side IB 230 2.3617278 
$9 the Radire, the Tangent of 45 gr. 00 mw. 10, 00080000 
To the T angent of the leſſer gAngle 43 184 9.9743;80 


Bacif ic be an oblique Angle thac is conteined berween che ewo Siges 
given, the Triangle may be reduced inco two ReQtangle Triangles, and 
then reſolved as before. 

As in the Triangle A D B, havingtheSides AB 335, AC rogq, and 
the AngleBAD 43 20), co find the Anglesat B and D, and chethird 
Side BD. Firſt, I would ſuppoſe a Perpendicular D H to be let down 
from D, the end of che lefler Side, upon the greater Side AB: (o ſhall 
I haverwo ReQtangled Triangles DH A and D HB. And in the Re- 
_ AH D, che Angleat A being 43 29, the acther Angle ADH 
will be 46 40 by Complement, and with theſe Angles and the Side 
AD, I may find both A H and D H by the firſt Proportion. "Then ta- 
king A Hour of AB, chere remains H B for the Side of che ReQangle 
DHB, and therefore with chis Side H B and che other DH, I ma 
find che Angle at B, by the former parrof this Proportion. And wit 
this Angle and che Perpendicular D H, I may find the chird Side D B, 
by che firſt Propoſition, © (8 

Or having ewo Sillzs and che Angle berween them, we may find the 
other two Angles without letting down any Perpendicular, in this 
manner, 

Az the Sum of the two Sides given, 

Is to the Difference of theſe Sides : 
So the Tangent of half the Sum of the two oppoſite Angler, 
To the T angent of half of the —_ between choſe Angler, 
ccc 
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So here having the Side AB 335 
and the other Side AD 100 


The Sum of theſe Sides is 435 2.6384892 
and the difference of theſe Sides 235 2.3719678 
The Angle conceined B AD is 43 20f ' 2674214 
The Sum of therwo oppoſite Angles 136 40 
The Half Sum of theſe Angles 68 20 10, 4009092 
And by Proportion and half difference 53 49 * 16. 1334878 


This half Sum and half Difference make 12 20 4 the greater Angle 
and che Difference berween them 14 19 + the lefler Angle, 


PROP. IV. 
Having three Sides, to find the three Angles, 


| (Þg* one of the three Sides given be the Baſe (but rather the greater Side) 
chac the Perpendicular may fall wichin the Triangle. Then gather 
the Sum and che Difterence of the two Sides,and the Proportion will hold. 
As the Baſe of the Triangle, 
To the Swm of the Sides : 
So the Difference of the Sides, 
To the alternate Bfe, 
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This alternate Baſe being takep forth of the crue Baſe, if we ler down 
a Perpendicular from che oppofire Angle, it ſhall fall upon the middle of 
the Remainder. Asin the Triangle ADB. : 


The leſſer Side AD 109 

The other Side BD 271 

The Baſe of the Triangle AB 335 | 2.5250448 

The Sum of che Sides 371 2. 53693739 
443291 

The Difference ber ween theſe Sides x71 2.2329961 

And ſo the altcruate Bale is 189 225 242773252 

This taken our of 335 leaves 145 $*% 

The half whereof is 73 $12. And uch is the Seg- 


ment A H, the Diſtance berween the Angle at A, and the Perpendicular 
D H. Sothat having drawn this Perpendicular, we have two ReQangle 
Triangles D H A and DH B, in which having wo Sides, and the righr 
Angle, we may find the other Angles by the ſecond Proportion. 


Theſe four Propoſitions may ſuffice for the Reſolution of the Sides and 
Angles in all right-lined Triangles, | 


PROP. V. 


Having the Baſe and Perpendicular in a right-lined Triangle, to find the 
ſuperficial Content, ; 


8 b+- Perpendicular may be found by one or other of che former Propo- 
firions, and chat being known we may find the ſuperficial Content, 
Asin the Triangle A D B, having the Baſe AB 335, and che Perpen- 
dicular DH 68545. 


At the Number of pa 0.3010700 | 
T the Perpendicular 68.545 1.3359757 
, | 1.5349457 

So the Baſe 335 2.5250448$ 
Tothe Content 11481 ++ Fa 


Or if we would find the Content without knowing the Perpendicular, 
we may put two or more Operations into one, as jn the Proportion fol- 
oWinge 


Cccc 2 PROD, 
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Having two Sides of « right-lined Triangle , and the Angle between 
them, to find the Content. 


Dd the Sine of the Angle, and the Logarichms of both: the Sides, 
from che Sum of theſe fabcratt —10. 3010300, ſo the Remainde 
ſhall be che Logarichm of che Conten:, 
As in the Triangle A DB, having the Sides AB 335, AD 100, 
and the Angle BAD 43 gr. 10m. 


The Sine of che Angle 43 gr. 20m. is 9.8364770 
The Logarichm of the Side AB 335 2,5250448 
The Logarichm of the Side AD 100 2. 0000000 
The Sum of theſe make 14,361531 
From which ſabtrat che ſolemn Logaricthm 10, 3010300 
The Remainder will be 4.0604918 
Thc Logarichm of 11494 the Content required, 
| PROP. VIL 
Having three Angles, and ine Side of a right-lined Triangle , to find 


the Content. 


Dd the double of the Logarithm of the Side given, and the Sines of 

the rwo next Angles: from the Sum of theſe ſubcraft the Sum of 

10,3010300, and the Sine of the oppoſite Angle, ſo the Remainder 
ſhall be che Logarithm of the Concear. 

As im the Triangle A D B ſuppoſing the Angles B A Cto be 34 gr- 20m, 

BDA 222 gr .cow. ABD 14 gr.40m.andthe Side A D co the 100 parts, 


The Logarithm of che Side A C 100 is 2. 06000000 

The ſame again 2,0000000 
The Sine of the Angle B A C 43 gr. 20 m. 98364770 
The Sine of the Angle BD A 58 oo 9 9284204 
The Sam of cheſe four make 23.76438974 
Again, if we add the ſolemn Logarithm x0.3010 390 

To the Sine of the oppoſite Angle 14 gr. 40 mm. 9-4234554 
The Sum of beth will make 19,7044b5 4 


Which ſubrraQted frem 23.7648974 leave 
The Logarithm of 114932 the Concent required, 


4.06 04 120 
PROP. 


and Tiblerof Logarichns, 
P R O P, VIII, 
'F[ aving the three Sides of 4 right=lined Triangle, fo find the C 0n!'ent, 
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Irſt, ſet down the three Sides, the Sum of them, and che Half-Sum, 

Then from this Half-Sum ſubrrat each Side ſeverally and note the 
Differences, That done, add che Logarichms of the Half-Surn, and theſe 
Differences, the half chereof ſhall be the Logarichm of the Concenc. 


Thus in the Triangle C A B 335 
ADB, the the Y DB 271 
Sides are AD 109 
The Sum of theſe Sides is 206 
The Half-Sum 352 35477747 
The Difference from AB 18 1.2552725. 
The Difference from DB 82 1.9138138 
The Difference from AD 253 2.4031205 
The Sum of their Logarithms 8. 119981 5 
And the half thereof is 4-0599907: 


The Logarithm of 1148t *2+ che Content required. 
PROP. IX. 
Having the three Sides of a right-lin:d Triangle, ts find the Perpendicular, 
A'* in the former Triangle A DB, to find the Perpendicular DH, 


Firſt, find the Contene of the Triangle by the former Proportion, . 
chen may the Perpendicular be found by che converſe of che fifth Propo= 


fition. 
Az the Baſe of the Triangle 335 2.5250448 
To the Superficial C mien 11481 32 4-0599907; 
| —— 
1.5 349459; 
So always the Number of 2 0.3010300 
Tothe Perpendicular 6Y. {£4 1.8359759- 


PROP: 
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PROP, X. 


Having the Semidiameter of @ Circle, to find the (hard for any eArk 
propoſed, 


S if in protrafting the former Triangle A D B, ie wererequired to 
A find che length of a Chord of 43 gr. 20m. agreeing to the Semi- 
diameter A E, which we ſuppoſe to be three inches. This mighe be done 
by che firſt Proportion, for if the Chord were drawn from Eto F we 
ſhould have a Triangle E A F of three Angles and ewo Sides known. Bar, 
more generally comparing the Sine of 3o gr. with the Sine of half che 
Ark propoſed, the Proportion will hold. 


" As the Sine of the Semi-radins 30 gr, 00 2, 9.6939700 
To the Semidiameter JH 0.477 1212 
92218488 

So the Sine of half the Ark 21 gr. 407, 9.5672689 
To the Chord required _m— 0.3454201 


So that having drawn the Line AE, and deſcribed an occule Ark of a 
Circle upon the Center A, and Semidiameter A B, at the Diſtance of 
three inches, if we take out two inches, and 215 parts of 1600, and in- 
ſcribe them into that Ark from E to F, che line A F (hall make che Angle 
FAEtobe 43,gr., 20m. as was required. 


Thus having applied that to the Canon and Tables of Logarithms 
which Ihad ſer down before for the general Le of the Linesof Numbers, 
Sines and Tangents, it may appear ſufficiently, that, if we obſerve che 
Rules of Proportion ſer forth by others, and work by theſe Tables, we 
may uſe Addition inſtead of their 97s and Subtraftion in- 
ſtead of their Diviſion, and ſo apply theſe general Rules co infinite par- 


rxculares, 


CHAD. 


wil 


and Tables of Ligarithmy, 


CHAP. IV. 


Conteining ſome Uſe of right-lined Triangles in the Pradlice 
of FORTIFICA TION. 


1. That che Angle of che Bulwark may be either a right Angle cr - 
near unto it. 

2. That this Angle may be defended from the Flank and Cortin on 
either Side, 

3. That the Lines of Defence may nor exceed che reach of a Musker, 
_ which is ſaid co be twelve ſcore Yards, and thoſe make 720 foot. 

4+ That che depth of che Flanks and che bredth of che Rampart be (uf- 
ficient co reſiſt battery ; and chat may be about 100 foot ar the ground. 

Upon theſe conſiderations depend the reſt of Lines and Angles : where- 
of I will fer down ſome Propoſitions, beginning with that which may 
reſolve the works of others. 


þ che late mauner of PForrification the ordinary Care is : 


PROP. I. 


H aving the Side of a Regwlar Fort, with the length of the Gorge, the Flark 
and the Face of the Bulwark, to find the reſt of the Lines and Angles. 


Regular Fort is char, which is made wich cqual Sides' and Angles, 
each Bulwark ike unto other, 
Suppoſe,that by obſervation or ocherwiſe,we have found'that in a ſquare 
Fort, the Side was 700 foor, the Gorge 140, the Flank 100, and the Face 
335-: In a Pencagonal, Hexagonal, Hepragonal, as in this Table, 


—_ _—— — 2 - _— -———  — 
—— : 


| Rudy, Pentag. | Hexag |Heipr ag. Oft £04 | 


T he Side AB | 700 | 800 g0O | 95O ,FOOO 
The Gorge AD | 140 | 180 | 190 | 200 | 230 
The Flank DE | 100.| 120 | 140 | 150 | 158 
The Face E F | 335 | 352 | 370 | 360 | 420 | 


— 


And that ic were required to find the reft of the Lines, and che quan= 
tity of the Angles belonging to each Fort, beginning wich che Quadrate. 
Fiſk, 
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Firſt, we nay protraR this Forr, by making a Square whoſe Side A B 
ſhall be 9e0 foot by the Scale : chen cake bur 149 for the Gorge, and ſec 
them off from A unto D, and from A unto H: at D and H raiſe two 
Flanks perpendicular ts the Sides of che Fort, and there prick down 100 
from D yntoE, and from H unto G. That done, take 335 our of the 
ſame Scale, and ſetting one foot of the Compaſſes in the point E, make an 
occult Ark of a Circle, Again, ſetting one foor of che Compaſſes in the 
point G, make another occulc Ark, croſſing the former in the point F ; 
So the Lines E F, F G ſhall repreſent the Face of che Bulwark. 

In like manner for the Bulwark at B, we may ſer off the Gorge from 
B unto N, &c. So have we divers Triangles, which may be reſolved by 
the firſt chree Propofitionsof right-lined Triangles + and the manner of 
it ſhall þe ſo ſer down, as that Preceprt may be eaſily diſtinguithed from 
the Example, and applied to any other, not only by this Canon and 
Table of Logarichms, but by the old Canon of Sinexand Tangents, and 
by _ _=_ of Sines and Tangents both upon the SeRor and the 
-Crols-[taff. 


I. Inthe Retangle A D E, having the Sides AD, AF, we may 
find the Anglesat A and E,' and che third Side AE, by the former part 
of the chird Proportion of Right-lined Triangles, 


At 
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A: the Gorge AD 140 2.1461 280 
To the Flank DE tov! 2.60000C0 
So the Radins go OO, O00 ſec, 10.0000000 
To the Tangent of DAE 35 33S 9. 8538720 


Take the Angle DAE out of g5gr. the Complement will give the Angle 
DEA3 and then,having ewo Sides and chree Angles,we may well find the 
third Side A E by che firſt Propoſition of the right-lined Triangles, 


At the Sine of DAE 3s 3af 9.7 643542 
To the Side DE 100 2,0000000 
So the Sine of ADE go 00m. 00ſec. 10.0000000 
To the Side AE $73 $5 2,2356458 


2. Becauſe the Fort is ſuppoſed to be ſure, the Angle HA D, muſt be 
gOgr. and che half AngleC AD 45 gr. if weadd this Angle C A D unto 
the Angle D A E and take the Sum our of 180 gr, the Remainder 99, 27 2 
ſhall be che Angle E A F. Then in the Triangle E A F, having the Angle 
at A, and therwoSides F E, A E, we may find the ocher Angles at E and 
PF, by the third Propoſition of right-lined Triangles, 


At the Face E F 33S 2.5250448 
To the Sine of EAF 99 27 Z 9.9940502 

| 74690054 

So the Line AE 1923 2+2 2.2356459 
To the Sine of -AFE 30 26+ 9.7046513 


Add this Angle A FE to the Angle E AF, and cake the Sam out of 
180 gr, the Remainder 50 gr. 6 wv. 3 ſec. ſhall beche Angle AEF. And 
then we have ewo Sides and three Angles, to find the Head-l1 ne A F. 


As the Sine of EAF 99 274 9 9640502 
To the Face EF 335 2.52 50448 

| | 7. 4690054 

So the Sine of AEF 506, 9.88489z5$ 
To the Head- lint AF 260 +2 2.4158904 


3-If weproduce the Face F Euncilit meer the Cortin in O,we ſhall have 
the Triangle A EO: wherein,knowing the Side A F,and the three Angles 
(for knowing two Angles, the third is always known by che Complemene 
unto 180 gr.) we may find the other two Sides FO, AO. 


As the Sine of AOF 
To the Head-line AF 


So the Sine of FAO 


'To the Line FO 
And the Sine of AFO. 
To the Line AO 


wark may be defended, 


At the Sine of ACB 


To the Sidt AB 
Ss the Sine of ABC 


To the Line AC 
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14 33”. 4Þ ic, 9.4204548 
260 ++ 2.41 58904 
6. 9845644 

45 ©O ©o 9.3494850 
| Ha 9.8649206 
JO 26 12 9.7046513 
$24 £48 2,7 200869 


Take the Goree N B 146, out of the Side A B 700, there remains $60 
forthe Line AN. Take this Line A O out of AN, and there remains 
35 *42 for O N chat part of the Cortin from whence the Pace of che Bul- 


4+ Inche Triangle A FN, having two Sides A F, A N, andthe Angle 
berween chem F A N, we may find the ocher ewo Angles at F and N, 
by the later part of the third Propoſition of right-lined Triangles. 


A the Sum of th: Sides AF, AN 820 ++ 2.914logo0 
1s to the Difference of thoſe Sides 299 *+* 2.4763245 
4377805 

So the T ang. of the balf ſum of opp, Ang. at FGN 22 30 9.6176153 
To the T ang. of half the —_— theſe Ang. 8 367 9 1798348 
This half Dift. added to the half fam gives the greater Ang, AFN 31 64 
and ſubrracted the leſſer ANE 3 537 

At the Sine of ANF 13 52 48 9.3805157 
To the Head-lins AF 260 *+2 2.41 58904 
6.9646253 

Ss the Sine of FAN 45 ©O ©o 9.8494850 
To the Line of Defence FN gy === 2.8848597 


5. In che Triangle A B C we have the Side A B, and the chree Angles, 
to find the Side C A or C B from the Center to the Angles of the Forr.. 


90 CO ©O 10. 0080000 
700 '2.845c980 
45 ©O 00» 9:8494850 
Gs 2.69458 30 


Thyjs Line A C added to the Head-line A F, gives che whole CF, from the 
Center of che Fort tothe utctermoſt point of che Bulwark ts be 55 554, 

6, Inche Triangle CF L (the Side Þ L being parallel co A B the Side of 
the Fort), we have che three Angles and the Side C F 3 by which we.may 
find F Lhe Diſtance berween the points of the ewe nex Bulwarks. 


A 
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Ar the Sint of CLF 45 00 00 9.8494850 
To the Line CF ug -** 2.8782498 
So the Sine of FCL 90 00 00 9.000000 
To the Line FL 2068. 464 3.02 87648 
Thus by reſolving of fix Triangles we have found gr, m. ſec. 
The Angle at the Gorge DAE 35 32 rx 
The Angle of the Bulwark GFE 60 $2 24 
The Angle FED 104 33 48 
The Angle ANF I3 53 48 
Foet. 
The length of che Line AE 173 047 
The Head-line AF 260 540 
The Line on che Cortin * ON 35 o88 
The Line of Defence FN 767 113 
The Semidiameter CA 494 975 
The Line from che Center to the Bulwark CF 755 535 
The Diſtance berween che Bulwark FL 1068 464 


The principal Lines and Angles belonging to the Bulwark at A. 
The reſt of the Linesare cicher parallel unco cheſe, or elſe they may be 
found in che. ſame manner. 


And all cheſe may be underftood by the ſame in che reft of the Bul- 


warks belonging to this Forr. 
Again, whatis ſaid of a Square Fort, rhe ſame may be applied co all 


regular Forts. 


And fo, reſolving the works of other men, it may appear how near 


they have come to the former grounds. 
ut that we may not alcogether inſiſt upon Examples, I will ſet down 
ſome proficable Suppoſitions, and from chem proceed to fiad the reſt of 


che Lines and Angles belonging to any Regular Fort, 

1, The Angle at the Center A C B,berween the Lines C A, C B drawn 
from the Ceiher to each Bulwark, is found by dividing 360 27. by the 
number of the Sides. So ina Square Forr, this Angle will be go gr. In a 
Pencagonal Fort, where there are five Sides, ic will be 72 gr, &c. 


2. Take this Angle at the Center, out of 186 gr, chere remains the 
Angle of the Fort HAD. 


3. The Angle A D E between the Flank and che Cortin, may be al- 


WA 90 - 
Rom Dddd 2 G 4 Th: 
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4, The uttermoſt Angle of the Bulwark EF G, muſt be leſs chan the 
Angle of che Forr, yer nor leſs chan 60 gr. nor doth it need © be much 
more than 90 gy. It we allow it to be 4 of the Angle of the Fort, it may 
be defended from che Flank and Cortin va cicher fide. 


$. The Angle ac the Gorge D A E, which forms che Flank D E, may 

be allowed berween 35 and 49 gr. For in ſmall regular Forts it may be 
4© gr. Bur where che Angle of the Fort is greac, ic may be leſs, 

| Theſe five Angles being firſt ſecled, the moſt of che ocher Angles will 

. depend upon them, as in the Table following, 
Or howſoever there may be other Angles found to be more convenient, 

yer theſe are ſufficient to explain che uſe of Triangles. 


— — 


a Pcnragonal Fort. 


che Apgle AED 51 gr. wlerctore, 


| Quedr. Pentag. Hexag. H ptag. Oftagon., Cortin. 
ina Regular Forts |&r.16: wr. (Gr. M.Gr. Mor Wm Gr | 
Angle at the Center AC B\9o 0173 0162 Olfl 25149 I 4 
angle of the Fort HAD |909 ©|[to8 [1:0 e[128 za[tzs of 189 © 
Anzle of the Flank ADE \9o0 olyo olgo olgo olgo, olgo. © 
Angle of the Bulwark GFE|5> ©þ72: 0199 of85 4z|90 olgo 6 | 
Angle of the Gorge DAE |40 ©[29 o[38 ofz79 olzs of35 o' 
lone balfof HAD % CAD\a5 054 0150 of64 17}67 30/90 ©, 
Half of GFE % AFE |30 0136 0149 O42 yilg5 oofus © 
Gomplement of CADis DAF 135 01126 01120 0Ojr15 434112 30! go. © 
AFEovoutof CAD leaves AOF|15 0118 ©0120 o|z1 25jz2 30] 45 © 
Complement of AOF# OED 75 o01j7n8 0470 C0468 35167 o0[ 45 © 
Complement of OED% DEF |105 oſio8 o [110 O[t11 26[112 30-135 © | 
| Complement of DAE® AE D\5o c|51 of5> 9153 ol54 055 ©O| 
A'E D ont of DEF lezves AEF|5s ©0'57 0158 ofs8 wn 30] 8o' © 
| AEF and AFE give FAE|95 oli7 o|$2 o[78 43176 3o| 55 © 
PROP. II. 


Having the ordinary Angles, with the Flank and Line of Defence, to find 
the reſt of the Lines and Angles in a Regular Fort. 


logon the Angles to be ſuch, asin the former Table, the depth of the 
Flank DE 100foot, and the Line of Defence F N 720 footy and 
that it were required, to find che reſt of che Lines and Angles belonging to 


xz. Inthe Triangle A DE, having che three Angles and the Flank DE, 
we may find the length of che Gorge A D, and the Line A E. The Angle 
of ADE isalway 90 gr. bur the Forr'being Pentagonal, made with five 
Bulwarks at the five Angles, the Table 


gives the Angk D AE 39 [4 and 
Pp: 


F 


and Tablet of Logeorithmess 


At the Sint of DAE 39 06 00 
To the Flank DE 100 . 

So the Sine of AED 5 00 00 
To the Gorge AD $29 

And the whole Sine ADE 90 ©0 
To the Line _ AE 158 2* 


we miy find the other ewo Sides FO and AO: 


eAs the Sine of AOF. 13 00 00 
To the Head-line AF 226 33+ 
So the Sine of *, FAO 126 oo oo 
To the Line FO 59g +2 
And the Sine of AFO 26 00 ©0 
To the Line AO 438 4:4 


NandF, and thethird Side A N. 


taken out of 180 gr, willgive thethird Angle A FN. 


As the Line of D:fence FN 710 

To the Sine of FAN 126 ©cqQ- ©9. 
So the Head-line ” a+ _y 1a 

To the. Sine of AN F 14 4 


313 

9 7988718 
2.0000000 
7.7988718 
9.89050:6 
__2.0916308 
10,0600000g 
22011283 


2. In the Triangle A FE, having the three Angles and the Side A E, 
we may find the Face of the Bulwark F B, and che Head-line A F, 


As the Sine of AFE 36 ©0 oo 9.7692186 
To the Line AE 158 22 2.2011282 
of 0h 72.5680904 
So the Sine of FAE 870 oo 9. 9994044 
Tothe Face FE 269 *£ 2.4313140 
And the Sine of AEF 57 ©0 oo 9.9235914 
To the Head-liss AF 2326 22+ 2-3555010 


7. In the Triangle A F O, having the three Angles and the Side A F, 


9.4899823 
2. SIPS 
7 1344913 
9.9074576: 
2-7729763 


9.7692186 
2.6347373. 


4+ In the Triangle A F N, having the Head-line A F, the Line of De- 
fence F N,- and the Angle Þ A N, we may find che other exwo Angles at - 


2.3373325 

9.9079576- 
2-0506257, 
2.3555010 
#4061 26r- 


1-408 | | 5-3 
This Angle AN Þ added to the Angle F A N, and the Sum of both. 
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As the Slut of FAN 126 oo 00 9.9079576 
To the Line of Defence FN 720 2.8573325 

. 7.0506251 

So the Sine of AFN 39 I4 27 9.8011178$ 
To the Line of AN 562 2 2.7504937 


Having this Line A N if we edd the Gorge N Bor A D, the Sum of 
borh hall be che Side of che Fort A B. 

If we cake che Gorge A D, ont ofthis Line A N, the Remainder Ghall 
be the Corcin D N; 

Again if we cake the Line A O out of this Line A N, the Remainder 
ſhall be O N, char part of the Cortin from whence the Face of the Bul- 
wark nay bedefended. And fo here, 


The length of chis Line AN being 562.98 
The Gorge AD 123-49 
The Side of che Fort AB ſhallbe 686.47 
The Cortin DN 439.49 
Again taking the Line AO 1,26 
From A N, there remains ON = 1.72 


5- In the Triangle A IC, having the chree Angles, and the Side AT, 
the one halfof A B the Side of the Fort, we may find both C I, the Se- 
midiameter of the Circle inſcribed, and C A, the Semidiameter of the 


Circle mov Aa about che Fort. 
As the Sine of ACI 36 ©o eo 9.769216 
To the Line Al 343 -* 2.535591 5 
7-2336271 
Sv the Sine of CAI 54 ©0 Oe 9 9079576 
To the Line CI 473.4225 2.6747 305 
eAfnd the whole Sine CIA 90 OO oo 10.0000000 
To the Line CA 583.9466 2:7663729 


This Line C A added to the Head-line A F gives the diſtance C F be- 
eweenthe Center of the Fore, and che utrermoſt point of the Bulwark. 


6. If chis Fort ſhall be encompaſſed wich a Ditch, whoſe uttermoſt 
Sides ſhall be parallel co the Face of the Bulwark; ſuppoſing this Ditch 
to be of a known bredth (and chat may be about 100 foot) we have the 
Triangle F 2 X, wherein knowing the chree Angles and che Side F 2, 
we may find the Line F X, 


As 
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A the Sine of FX2 36 00 oo0 9.7694186 
To the Bredth- Line F2 100 2,0000600 
So the whole Sine © F2X go ©0 00 10,0000000 
To the Line FX 170 42 2. .2307814 


This Line F X added co che Foo CF, gives the Diſtance C X between 


the Center of che Forr, and the ucrermoſt Corner of the Ducch: and {o 


here : 


The Length of che Head line AF is 226.72 
The Scmidiameter C6 583.95 

Both cheſe make che Line CF 1 810.67 - 
Add unto this the Line FX 170.13 

SoCA,A F, FX make CX g830.86 


7. In che Triangle C Y X, having the three Angles and the Side C X, 
we may find the two other Sides CYandXY. 


As the Sine of C.YX 108 00 ©0 9 9732063 
To the Line CX 980 12 _ _ 2.991 5815 
6.9866248 
So the Sint of >» & q 36 00 oo 9.7692186 - 
Tote Lis ' CY 606 42 27825938. 
And the Sine IS Y 36 oo ©© $.7692186 
To the Line XY 606 4£> 2,78259g38 


Take the Line CI, from this Line C Y, there remains I Y, the bh 
of the Ditch from the middle of the Coma, 


8. Then, for the Lines F L, X Z, and ſuch other Parallels to the Side 
of the Fort A B, 


eA1 the Semidiameter CA $83.95 + 2.7663729 - 
Fo the Side of the Fort AB 686.47 2.8366215 
. 7.0702486 - 
$0 the length of CF Z10. 67 2.9088 
To the BiPance FL 953.00 K-44 
And the length of CX 980.80. 2:99158r5 
To the Diſtance XZ \ 1152.97 3,0818z31r0 


9. _The-- 


—— 


4s 


eAs the Semidlameter CA 
T6 the Perpendicular CI 


So the Length of CF 
To the Perpendicular C3 
And the Length of CX 


To the Perpendicular C4 


Perpendicular C T, 

As the Perpendicular C1 
To the Side of the Fort AB 

So the Peypendicular CR 
Tothe Side of the Rawpart QS 

«And the Perpendicular KT 


To the inner Side of the Street V W 


Als the Perpendiewlar CI 
T othe Semidiameter CA 
$0 the Perpendicular CR 
Tothe Line ca 
And the Perpendicular CT 
- \To the Line CV 
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© "5! The Perpendiculars C3, C4, and (ſuch others, let down from the 
Center upon the former Parallels may be found in the ſame forr. 


472 42 
686 47 


372 42 
541 16 


342 43 
497 57 


472 42 
583 95 


372 42 
460 34 


342 42 
423 25 


533 95 2,7663729 
472 43 2.6743 305 

920424 
83to 67 2.9088 444 
655 834 2.38168020 
g8o 80 2.9915815 
793 45 2.8995 391 


10. If wetake IR the bredth of the Rampart out of the Perpendi- 
cular CI, ſuppoſing the bredth of the Rampart co be 100 foot, there re- 
mains 372 42 for the Perpendicular CR. : 

If we take out I T the bredch of the Rampart and Street adjoyning, 
(theScreer being ſuppoſed zo foot broad) there remains 3423 42 for the 


2.6743305 
2.8366215 


— 


1622910 


——— . - 


2.5710358 
2,7333268 
2.5345622 
2.6968532 


2, 6743305 
2.7663729 
9290424 


2.57 10378 
2 6630802 


2,5341622 
2. 6265046 
PROP. 


XIM 
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PROP. III. 


Having the erdinaty Azgles with the Line of Defence and Face of the 
Bulnark, to find the veſt of the Kines and &ngles. | 


Bulwark to be 90 gy, the Angleat the Gorge forming the Flank 35 gr. 
thereſt as in the former Table, che Line of Defence 720 foot, and the 


| Qerolc a long Cortinto be fortified with Bulwarks, che Angle of each 
Face of the Bulwark 300 foot. 


Ms the Sine of FAE 55 ©0 ©0 9.9133645 J 
To the Face _ "O'S 300 2.4771212 | 
7-4362433 If 
So the Sine of AEF 80 00 00 99933514 
To the Head-lint AF 360.668 2.557108r ; 
And the Sine of AFE 45 00 ©0 9.8494850 | 
To the Line AE 258.965 2.4132417 [1 


2. In che Triangle A D E, having the three Angles and the Line A E, | 
we may find both the Flank D E, and the Gorge A D, .-_ 


As the Sine of ADE 90 ©0 ©o9 10. 0000000 l 
To the Line AE 258.96 2, 4132417 
P ay 7-53867583 1 
Ss the Sine 35 00 oo 9.7535913 | 
To the Flank DE 148.53 2,1718330 
And the Sine of AED 55 00 ©o 99133645 
To the Gorge AD 202,132 2.326606 2 


Ecce 3. In 
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3. Inche Triangle F A O, having the three Angles, and th2 two equal 
Sides AF, AO, we may find the length of F O, the Face produced unto 
the Cortin. * ; | 


As the Sine of AOF 45 ©0 00 9.8494850 
To the Head-line AF 360.66 2,5571081 
So the whole Sine of FAO go ©o 00 10.0000000 
To the Face produced F © Fre | 2.7076231 


4. Inthe Triangle F A N, having the Head-line AF, the Line of 
Detence FN, and cheright Angle F AN, we may find the other ewo 
Anglesat F and N, and the third Side A N. 


As the Line of Defence FN 720 2.8573 325 
To the whole Sine of FAN 90 ©O 00 10,0000000 
So the Head-line AF 360, 66 2.5571081 
To the Sine of 1 ANF, 306.34 9.6997756 
As the Sine of FAN go 00 0 10,0000000 
To the Line FN 720 2 8573325 
So the Sine of AFN 59.564 9.9372735 
To the Line AN 623.1697 2,7946060 


Havingthe Line A N, if we add the Gorge N Bor A D, the Sum of 
both ſhall be the Line A BorF L, the Diſtance berween both Bulwar ks. 

Tf werake the Gorge A D out of this Line A N, the Remainder ſhall 
be the Cortin DN. ; 

Again, it wetakethe Line A O out of chis Line A N, the Remainder 
ſhall be O N, that part of the Cortin from whence the Face of che Bul- 
wark may be defended. 


Thus the Length of AN being 623.169 
, The Gorge N B, or AD 212.133 
The Diſtance FL or A B ſhall be 835.301 

The Cortin | DN | 41.037 
Apain taking the Line -AO | * 360.668 


From A N, there remains ON * 262.501 
PROP. 
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PROP. IV. 


Having the Angles of an irregular Fort, with the Side between them, and 
the Face of the Bulwark , to find the reſt of the Lines and Angles. 


CUepole the Angles of an old walled Town were to be fortified ich 
new Bulwarks. The Angles of the Bulwark to be either + of the 
Angle at the Wall (or if 3 of the Angle be more than go gr.) ir may 
ſuffice that they be 90 &r- The Flanks perpendicular to the Cortin, to 
be formed by an Angle between 35 and 4®gr. as ſhall be found more 
convenient. And the Face of each Bulwark to he 300 foor. 

Ler che Angle ar A be 126 gr. then may EFG, the Angle of che 
Bulwark be $4 gr. and the Angle D A E may be allowed to be 38 gr, 
Let the Angle at B be 149 gr. then becauſe 4 of this Angle are above go gr, 
the Angle of this Bulwark may well be 99gr. and the Angle at che 
GorgeN BM, 36 gr. AndlerAB, the D. (tance becween theſe Angles 
be 750 foor. 

io regular Forts the Bulwarks may be made one like che other, ſo the 
Head-lines being produced will all meet in the ſame Center. In irregular 
(ſuch as this) there will be ſome Difference, yer the work though ſome- 
what langer will be ſtill che ſame. 

rt. Atthe Bulwark Ain the Triangle A F E, becauſe the Angle of the 
FortHA D is 126 gr. the half Angle QAD 63 gr. and the Angle 
at'the Gorge D AE ſuppoſed to be 38 gr. the Angle E A F will be 
79 gr. Again, the Angle AFE (the half of GFE the Angle of 
the Balwark) being 42 gre the Angle AEF will be 59 gr. by Com- 
plement, 


As the Sint of FAE 79 ©0 co 9:991946x 
To the Face FE 300 2.4771212 
——_— — 

7.5148253 

So the Sine of AEF 59g 00 00 9.9330656 
To the Head line AF 261 963 2.4182403 
And the Sine of AFE 42 00 00 9.8254109 
To the Line AE 204 496 2,3106856 


Ecce 2 8, In 
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In the ReRangle A D E, che Angle at the Gorge D AE being 38 gy» 
the ocher Angle D E A muſt be 52 gr. by Complement, 


As the whole Sine of ADE go ©O oo 10.000000D 
To the Line of AE 204.496 2.3196356 

| 7.6891144 

Sa the Sine of DAE 38 co oo 9.7893419 
To the Flank DE 25,900 2.100037 5 
And the Sint of AED .$2 00 00 9.8965321 
To the Gorge AD 161. 145 2.2072177 


Inlike manner at the Bulwark B in the Triangle B LM, becanſe che 
Angle of the Fort is 140 gr, the halfchereof $ BN 90 gr, and the Angle 
ar the Gorge N B M ſuppoſed to be 36 gr. the Angle MB L will be 74 gr. 
And chea the Angle B LM (the half of the Angle of the Bulwark) being, 
45 gr-the third Angle B ML, muſt be 61 gr, by Complement. 


As the Sine of 'MBL. . 74 oo 00 o 9828416: 
To the Face ML 390  2,477121% 2p 

| 75057204: 

$0 the Sine of BML 61 00 o0- 99418192 

To the Head-line BL 272.960 2.4 360988 

And the Sine of BLM 45 00 o@ 9.8494850 

To the Line BM 920.681 2.3437646 


And in the Reftangfe Triangte BN M, allowing NB M, the Angle 


ar the Gorge to be 36 gr. the other Angle BM N. muſt be 54 gr. by 
Complemear, 


the whole Sine BNM 90 ©0-00 I0:0000000 
Fo the Line BM 220.631 2.3437646 
7-6562354 

; $0 the Sine of NBM $46 O00 co 9.7692186. 
To the Flank N.M 129 713 2.112983 2 
And the Sine of BMN 54 ©0 Oo 9. 9079576 
To the Gorge BN 178 534 en bb44 2 


6 3. In 


%. 
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3- In the Triangle A F O, taking the Angle AFO 42 gr. out of 
the Angle QA O 63 gr. thereremains2 2 gr, for the Angle A O F, 


As the Sine of AOF 21 00 00 9.5543291 
To the Head lint AF 261,963 2 4182403 
6.1360888 
So the Sine of A FO 42 ©o 00 9.825510g9- 
To the Line AO 489.127 ” 2.6894221 
And the Sine of FAO 63 00 co 9 9498808 
To the Face prodaced FQ 652.346 2.8137920 - 


And ſoin the like Triangle B L P, taking the Angle B LP 45 gr. out of 
the Angle SBP, 70 gr. there remains 25 gr- forthe third Angle BLP. 


A the Sine of BPL. 25 00 oo  $.6259482 
Tu the Head-line BL 272.960 2.4360g88 
\ ; 7.1898494 
/ , IIS 
So the Sine of BLP 45 00-09 9.38494850 
To the Line B P 456.704 2.6596356- 
And the Sine of LBP 110.00 ©o - 9.979g0;08 | 
To the Face produced LP 606,937 27831364 . 
Thus the length of the Side, A.B being 750. 
The length of the Gorge BN. 178.534 
The length of che Line AN. 571.466 
Take from this the Line AO 489.127 
There remains for the Line . ON 823.339 
Again taking the Gorge AD 161.145 
Oar of the Side A B, there remains BD 588.855 
Take from this the Line BP 456.704 
There remains for the Line DP 132.158 
Take ADout of A N, the Cortin. DN is 410.321 


4-1g 


"22 Thegeneral ſe of the Canen 

4+ In the Triangle A F'N, having two Sides A F, AN, and FAN 
the Angle between them, we may find the other two Angles at N and F, 
and che Line of Defence Þ N. | 


As the Sum of the Sidet AE, AN 833.419 2.9208684 
Ii to the Difference of thoſe Sides" 309.503 2.4906636 
430.2048 


So the T ang. of the half ſum of opp, Ang.at F&N 31 300 9.79873193 
To the Tang. of half the Diff. between thoſe Ang. 12 49 4 9 3571145 
This half Dift. added to che half ſum gives the greater Ang, AFN 44 19% 


and ſubtracted gives che leſſer ANE 18 40Z 

As the Sine of ANF 13 404 9.5955225 
To the Head-line AF * 261.963 © 2,41 $2403 

| 7.0872822 

So the Sine of FAN 63 00 ©0 9.9498808 
To the Line of Defence FN 728.783 2.$625986 
And the Sine of A FN 44.19 I 98442725 
To the Line AN 571.465 2.7569903 


And inthelikeTriangleB DL, having ewo Sides BL, B D, .and the 
e berween them LB D, we may find che other two Angles at D and 
L, and the Line of Defence L D. 


As the Sum of BL and BD 861 815 2.99354138 
To the Difference of theſe Sides 315 895 2.4995421 
4358717 

So the Tang. of the half ſnm of opp, Ang, at L& D 35 co g.v45 2267 
\ To theTangent of 14 233 9+4093550 
This half Diff.added to the half ſum gives che greater Ang. BLD 49.23 + 
and ſubrraed che lefler 20.36% 

At the Sine of BLD 20.36; 9.5463550 
To the Head-line BL 272.960 2.4360988 
7-I107544 

So the Sine of LBD 70,0.0 9.9729858 
T# the Line of Defence LD 728.838 2.8626314 
And the Sine of BLD 49.23 + 9.8303627 
To the Line BD 588.855 2.7700c$3 


MNyg »P 
* &\ » 


% 


x 
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PROP. V.- 


Having th: Lines and Angles of a Regular Fort, to find the Content in 
Feet and Acres. 


He'Content of a Forr may becaken ſeveral ways: either from within 

the Rampart, or from within the Oar-ſide of the Dicch, or elſe we 
may take in the Our-works : And thoſe may be of ſeveral ſorts, ſuch as 
are here repreſented or the like. 

If we conſider the Content within the Rampart, we have the Triangle 
QCS, whercin knowing the Perpendicular CR and the Baſe QS, we 
may4ind the Content of the Triangle. And this Content mulciphed by 
the Number of the like Triangles belonging to the Fort, ſhall be che 
whole-GComenc required. 

Thus, in che Pentagonal Fort before deſcribed, where the Perpendi- 
cular C R was found to be in feet 372.423 andrhe Baſe QS 541+16. 


As the ſolemn number 2, ©, 3010300 
1; to the Baſe QS 541.16 2.7333268S 
2.4322968 

So the Perpendicular C R 372.42 : 2.5710358 
To the Content of the Triangle 100773.25 5.0073326 
Add ( for five Triangles ) the Logarithm of 5 0.69897 08 
The Content in feet comes to 503 866 $-7023026 


Then ro reduce this Content into Acres, we may either divide thenum. 
ber of feer by 43560 (che number of feer conteined in an Acre) or work- 
ing by Logarithms, we may ſubtract this ſolemn Logarichm 4.63908787, -. 


Thus from che Logarithm of 503866.25, $,7023026 
Subtrat the ſolemn Logaruchm 43560 4-6390878 
There remains the Logarichm of 11.56 _ 1,0632148 


The Content in Acres conteiged wighin the Rampart, 


If it be required to find the Content of this Pentagonal Fort within the 
outward Side of the Ditch, we have ten ſuch Triangles as X CY, where- 
in knowing the two Sides C X, C Y,and the Angle berween them X CY, . 
we may ler down a Perpendicular from the Angle at Y, upon the Baſe 
CX, and then with the Perpendicular and the Baſe, we may find che 
Content of che Triahgle as before, 


Thas 


— — 
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Thus the Side C X being 980.80, the Side C Y 606, 17. and the 
Angle berween themX CY, 36 00 oo, 


1, As the whole Sint of 90 00 00 190000000 
/ — 

To the leſſer Side CY 607.17 2.7825938 

So the Sine of XCY 36 00 68 9.769216 

To the Perpendicular 2.5518124 


2. Arthe ſolemn number 2, 0,3010300 

To the Baſe CX g80.80 2.9915815 

2.6g0551t5 

$s the m—_— 2.551 $124 

To the Content of the Triangle 174728.60 $-2423639 

Add (for cen Triangles) the Logarichm of 10, 1.0000000 

--- The Content in feet comesto 1747286 6.2423639 

Again, ſubrra& che Logatichm of 43560 46390878 

VO The Content in Acrescomes to 40,tl 1.6032761 


By the ſame reaſon, reſolving all into Triangles, we may take in the 
Counterſcarp, and the reſt of the Out-worksz and fo find the Content, 
not only of a Regnlar Fort, bur of any other Piece of Ground, 
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The DESCRIPTION of the 
C AN O N: 
His Cen hath fix Columns. The firſt is of Degrees and Mi- 
| nutes, from the beginning of the Q1adranc unto 4F gr. the 
- -fixthrof Degrees and Minutes from 45 gr. unto the end of che 
Quadrant ; . the other four contain the Sines and Tangents belonging co 
each of thoſe Degrees and Minutes, after the manner of other Cangns. 
The difference gin the Numbers: For cheſe Sines are not ſuch as half che 
Chords of the double Ark, nor theſe Tangents Perpendiculars at the end 
of the Diameter ; but other Numbers ſubſticuced in cheir place, for ac- 
raining the ſameend by a more cafie way, ſuch as the Logarithm: of che 
Lord of Merchifton ; and — I call them Artificial Sines and T an- 
gents. So the ſecond and fourth Columns contain the Sines and Tangents 
of the Degrees and Minutes ih the firſt Column ; the third and fifth 
contain the Sines and Tangent: of the fixth Column. 

As if it were required to find che Artificial Sine belonging to our La- 
ticude, which here at London is 51 gr. 32 ms. you may find Sine 51 in the 
lower part of che Page, and Af. 32 in the ſixth Column, the common 
Angle will give 9.29 3745 2 for the Sine required. And in the ſame Line 
you have 9.79 38317 for the Sine of the plemenc of this Laticude, 
which in one word may be called che (fine, In like manner, the Tan- 
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MM} Sin. 30. | | 7a 30. | 
0 | 9.6989700 | 9.9375306] | 9.7614394 | 10.2385606 | 6 
1 | 9-6991887 | 99374577 | | 9.7617311 | 10.238268g pre 
2 | 9.699407 3 | 9.9373847 | || 9.7620227 | 10.2379773 | 5 
3 | 9.6996258 | 9.9373116 9.7623142 | 10.2376858 | 57 
4 | 96998441 | 9.9372385 | | | 9.7626056 | 10.2373944 | 56 
5 | 9-7090622 | 9.9371653 | 9:762B969 10,2371031 [55 
6 | 9.7002802 1 9.9370921 9.763188r | 10.2368119 | 54 
7 | 9.700498r | 9.9370189 9.7634792 | 10.2365208 | 53 
$8 1 9.7007158 9.9369456 9.7637702 | 10, 2362298 52 
9 | 9.7009334  9.9368722 9.7640612 | 10.2359388 5r| 
IO 97011508 | 9.9367988 [{cnazna 10.2356480 | 50 
> + = 
| di 9.7013681 | 9.9367254| $:7646427 | 10.2353573 | 49 
x | 97015852! 9.936651g | | 9.7649334 1 40.2350666 | 48 
9.7018022 9:9365785 | | 9.7652239 | 10.2347761 | 47 
44 9.7020190 | 9.9365047 9.7655143 | 10.2344857 | 46 
I5 | 97022357 | 9:9364311 9.7658047 | 10.2341953 | 451 
[:6 9.7024523 | 9.9363 574 9.7660949 | 10.233905F1 , 44 
[77 9.7026687 | 9.9362836 | 9.7663851 j 10.2336149 | 43 
18 | 9.7028849 9.9362098 | 9.7666751 | 10.2333249 | 42 
19'] 9.7031011 1/9.9361360 9.766965Tr | 10.2330349 | 41 
20 [Ee 9.9360621 | | 9.7672550 ra 
21 ror | pong 9.7675448 | 10.2324553 , 39 
22 | 0.7037488 | 9.9359141 | | 9:7678344 | 10.2321656 | 38 
23 | 97939647 | 9.935840 | | 9.7681240 | 10.2318760 | 37 
24.1 9.7041795 | 99357660 9.7684135 | 10.2315865 | 36 
25 | 9.7043947 | 9.935691 | 9.76870297] 10.2312971 | 35 
od 9.7046099 - 9.9356177 '9.76B9922 | 10.2310078 it 34 
7 | 97048248 9.9355434 || 9-7692814 | 10.2307186 
[28 9.7050397 | 9.9354691 | | 9.7695705 | 
29 | 9.7052543 9.9353948 9.76985 96 19.2301404 | - 
30 | 9:7054689 * 9.9353204 | | 9.770148 | 122298515 | 30 
| > Sin, 59- 1 ' Tong 59: -M 


—\| 


Sin, 30, 


9.7054639 


9.7056833 
9.7958975 


— — 


9,7067531 
9.7069667 


9.7071801 
9.7993933 
9.7076064. 


| 9.70781 94. 
9.7080323 
9.7082450 
9.7084575 
9.70386699 


9.7088822 
9.709094 3 


49 
FO 


FI 
J2 
53 

54 
55 
56 
57 


58 
59 


9.7095182 
9.7097299 


9.7099415 
9.7I01529 
9.710364.2 
9.7105753 


| 


9.7109972 
9.7112080 
9.7114186 


60 


| 9.7116290 
9.7118393 


| 


9.706I116 | 9-9350969 
| 9.7063256 | 9:9350223 
9.7065 394. | 9-9349477 


| 


9.7093063 | 99339729 


9.7107863 | 99334445 


| 


mn 


9.935 3204+ 


9.9352459 | 
9.9351715 


9.9348730 
9.9347983 | 
9.9347235 | 
9.9346486 
9.9345738 


9.9344988 
99344238 
99343488 
9.9342737 
9.9341986 


9:9341234 | 
9.9340482 7 


9.93 38976 
9.9338222 | 


9.93 37407 
9.933071} | 
9.9335957 
9.9335201 


9.933 3688 | 
9.93 32931 | 
9.9332173 


9.9331415 
9.9330656 


S in. 59. 


' 


9.7701485 


9.7704373 
9.7707 261 
9.77 10147 
9.7713033 
| 9.715917 


A —— — 


9.7718201 
9.7721684. 
9.7724566 
| 947727447 
9.7730327 


9.7733206 
9.77 36084 
9.7733961 
9.7741838 
9.7744713 


; p49 ay 
9.77 47588 
9.77 52462 
9.7753334 
9.7756206 
9.7759977 


9.7761947 
9.77648165 
9.7767685 
9.77705J52 
9.7773418. 


| 9.7776284. 
9.7779149 | 
0.7782012 
9.7784875 
9.77879 37 


| 


T ang. 30. | 4 


| 10.225 3412 


| 


| 


—  — — 


CO ——— — 


19.2298515 


10.2292739 
I0.228985 3 
10.2286g67 
10.2284082 


10.2251199 | 
10.2278316 | 
10.2275434 
I0.2272553 

10.2269673 | 


10,2260794 
10.2263910 
10.2261039 
10.2258162 


10,2255287 | 15 


10,2249538 
10.2246666 


10.2243794 
10,2240923 


10,223805 3 
10.2235184 
10.2232315 
10.2229448 
10,2226582 


10.2223716 
10.2220851 
10.2217988 
10,2215125 
IQ,2212263 


Blo-nwwsaluoy os | 


Ot 


_ T ang. 59. 


Iii 


| A 


| 10.2295627 | 


23 
22 
21 


20 


— 


I6 


'S 


I2 


191 
i 


| 


——w— 


M 


O 


| 


2 


7 
8 


Iv 


cam 


13 | 
14 


» 
 Y 


tis 
7 


2T 
22 
23 
24; 
25 


26 
27 
28 
21 
ZO 


OO 


Sin. 31, 
9.7118393 


9.7120495 
9.7122596 
9.71246095 
9.7 126792 
9.7128889 


| 9.7130983 


9.713 3077 
9.7135169 


i 9 | 9.7137260 


9.7139349 


9.7 14.5609 
9.7147693 
9.7149776 


9.7151857 


9.7 156015 
9.7158092 


9.7162243 
0.7164316 
9.7166387 
9.7168458 
9.7170526 


9.7172594 
9.7 174660 
9.7170725 
9.717 8789 
9.7180851 


| 9.93 30656 


| 9.9329897 
9.9329137 
9.9328376 
9.9327616 


9.9326854. | 


9.93 26092 
9.9325J330 
9.93 24507 


9.9323504 | 


9.9323040 


{I | 9:7141437 9.9322276 
12 | 9-7143524 


| 9.93215I1 


| 
17 | 9-7153937 | $:9317679 


| 


29 9.7160168 


4 


9.9320746 
9.93 19980 
9.93 I 921 8 


9.9318447 
9.9316g911 
9.9316143 
| 9.9315374 


9.93 14605 


| 9.9313835 


9.93 13065 
9.9312294 
0.9311522 


9.93 10750 
| 9.9309978 
9.93 09205 
9.93084.32 
9.9307658 


=_ 


Sin. 58, 


| 


| t—— 


— 


—CC 


— 


| 


| 


T ang. 31. | 


9.7787737 


9.7793459 
9.7796318 
9.77 99177 
9.7802034 


_—_ 


9.7804891 
9.7807747 
9.7810602 
9.78 13456 
9.7816309 


9.7819162 
9.7822013 | 
9.7824864. 
9.7827713 | 
9.7830562 


9.7833410 
9.7836258 
9.7839164, | 
9.7841949 
9.78449 94 


9.7847638 
9.7850481. 
9.785 3323 
9.7856164 
9.7859004. 


0.7861844 
0.7 864682 
9.7867520 | 
9.7870357 
9.7873193 


"2 =" LION 
IO.2212262 
—— 
10.220940T : 
I0.2206541 
10,2203683 
10.2200823 | 


I0.2197 966 


10,2195109 
10,2192253 
10.2189398 
10.2186544 
10.21836g1 


10.2180838$ | 
I 0.2177987 
IO,ZI7FI 36 | 
10.2172287 
10.21694.38 
EE eee 


40 
4) 


44 
43 


I0,2166590 
I0.2163742 
10.2160896 
10.2158051 | 41]. 
I0,.2I55206 | 40 


IO.2I52362 | 
10.2149F19 
10.2146677 
10.2143836' 
10.2140996 | 


10.,2138156 

10.2135318 | 33 
10,21324 | 32 
10.2129643 | 31 
10.2126807. | 30 


T ang. 58. 


M 


——————————_——_—_— 


—— 


"JM 


30 
31 
32 
33 


39 ; 
40 | 


Sip,31, 


0.718085 1 


0.7182912 
9.718497! 
| 9.7187030 

9.7189086 
| 9.7191142 


9.7193196 
9.7195249 
9.7197300 
9.7199350 
9.7201399 


DO —— 


| 9.7203447 
9.7205493 
9.7207538 
9.720958 1 


46 
47 
48 


49 
50 


52 


9.7213664 
9.7215704 
9.7217742 
9.7219779 
9.7221814 


9.7225881 


53 | 9.7327913 
54 


9.7229943 
| 9.7231972 


9.7 234090 
9.7236026 


9.7238051 


9.7240075 
| 9.7242097 


| 9.7873193 


8.930688z 
9.9306109 
9.9305333 
99304557 
9.9303781 
9.9303004 
9.9302226 


9.9300670 
9.9299891 


| 9.9301448 


9.7211623 | 


51 i 9.7223848 


| 


9.9299112 
9.9298332 


»9297FFI | 
9. 96770 | 


9.9295989 


| 9.9295 207 
9.9294424 


9.9293641 | 


| 


9.9292857 
| 9.9292073 


9.9291289 
9.9290504. 
9.9289718 
0.9288932 
9:9288145 


9.9287358 
9.9286571 
 9.9285783 
_ 9.9284994 
9.9284205 


L Sin. 58. 


—D_—— 


DD 


: T ang. 31. | 
9.9307658 19.2123607 far 
| 9.7876028. 10,2123972 29] 
9.7878863 | 10.,2121137 | 28 
9.7881696 | 10.2118304 | 27 
9.7884529 | 10,2115478 26 
9.788736r j 10.2112639 | 25} 
97890192 | 10.2109808 | 24 
| 9.7893023 | 10.2106977 | 23 
0.7895852 | 10.2104148 | 22 
9.7898581 | 16,2101319 | 21 
9.7901508 | 10.20y8492 | 2 
9.7904335 | 10.209566F is 
9.7907161 | 10.2092839 15 
9.7909987 | 10.2050913 |} 178 
9.7912811 | 10.208718g9 | 1 
9.7915635 f 10.2084365 [ 13J 
9.791845$ 10.2081 542 I4 
9.7921280 | 10,2078720 | T3 
9.7924101 | 10,2075399 | 12 
9,7926921 | 10,2073079 | 11 
9.7929741 | 10.2070259 v 
js rrp 10.2067440 | 9 
9.7935378 | 10.2064622 | $ 
9,7938195 | 10.2061805 j 7 
9.7941011 | 10.2058989 | 
9.7943827 | 10,2056173 | 5 
9.7946641 | 10,2053359 | 4 
9.794945F | 10.2050545 | 3 
9.7952268 | 10,2047732 j 2 
9.7955081 | 10,2044919 | 1}. 
9.7957892 | 10,2042108 | © 
T ang. $8, | M 


— ___ —— 


T1111 


_ 


M | Sin. 32. | | T ang. 32: | | 
tm [ID — —— —— | —— | - 
© 242097 | 99284205 9.7957892 | 10.2042108 [= 
I | 9.7244118 9.9283415 9.7960703 | 10.2039297 * 59 
9.7246138 99282625 9.7963513 | 10.2036487 | 58 

| , 9.724156 | 99281834 | | 9.7966322 | 10.2033678 | 57 
4 | 9.7250174 Q%.928104.3 9.7969130 | 10,2030870 |, 56 
5 9.7252189 | 9.9280251 | ! g9.7971938 | 10.2028062 | 55 
— | cooks 

| 6 | 9:7254204 | 9:9279459 | | 9:7974745 | 192025255 | 54 
7 9.7256217 | 9.9278666 | | 9.7977552 | 10.2022449 | 53 
> | 97abozgo | 9.9277873 | | 9.7980356 | ORRng64s | 52 

9 | 9-7360240 9.9277079 | 9.7983160 | 10.2016840 | 51 
IO | 9.7262249 | 9.9276285 | | 9.7985964 | 10.2014036 | 50 
It n 9.7264257 | 99275490 | 0.7988767 | 10.2011233 | 49 
9.7266264 ; 9.9274095 9.7991569 | 10.2008431 | 48 
0.7268269 | 9.9273899 | 9.7994370 | 10.2005630 | 47 

v | 97270273 | 9 9.9273103 9.7997 170 | 10.2002830 46 
Kell 9.7272276 9.9272306 | | 9.7999970 | I0,2000030 | 45 
16 | 9.7274278 9.9271509 | | 98002769 10.1997231 { 44 
17 | 9:7276278 | 99270711 | |; g.8005567 | 10.1994433 * 43 
It Ins 90.9269913 | | 9.8008365. | 10.1991635 | 42 
19 | 97289275 | 99269114 | 1 9.8011161 | 10.1988539 | 41 
20 | 9.7282271 | 9.9268314 | 9.8013957 | 10.1986043 40 
9.7284267 9.9267514 9.3016752 | 10.1983 248 | 39 
22 | 9.7286260 | 9.92607 14 9.8019546 | 10.1980454 | 38 
23 | 0.7288253 | 9.9265913 9.8022340 1 10.1977660 | 37 
[24 | 9:7290244 | 9.9265112 90.8025.133 | 10.1974867 | 36 
25 | 9:7292234 | 9.9264.310 0.8027925 | 10.1972075 | 35 
26 | 9.7294223 | 9.9263507 9.8030716 10.1969284 | 34 
27 | 9.7296211 | 9.9262704 | | 9.8933506 104966494 | 33 
28 | 9.7298197 ; 9.9261g01 | | 9.8036296 | 10.1963704 | 32. 
29 0.7300 382 | 9.9261096 | 9.8039085 IO, 1960915 31] 
30 — 0260392 [== 10.1958127 | 30 
| Sin. 57. © Tang. 57. | M 


M Sin. 32, T ang.32. 

30 } 9.7302165 | 9.9260292 9.38041873 10.1958127 
z1 1 9.7304148 | 9.9259487 | | 9.8044661 10.1955339 
2 | 9.7306129 | 9.9255681 9.8047447 | 10.195255 
33 | 9.7308109 | 9.9257875 9.3050233. | 1041949767 
34 | 9.7310087 | 9.9257069 | | 9.8053019 | 10.1946981 
35 | 9-7312004. | 9.9250261 9.8055803 | 10.1944197 
36 | a2en4e | 9.9255454 90.8058587 | 10.1941413 
37 | 9.7316015 | 9.9254646 | 9.8061370 | 10.1938630 
38 9.7317989 9.9253837 9.8064151 | 10.1935848 
39 | 9.7319901 | 9.925 3028 c.8066933 | 10.193 3067 
40 | 9.7321932 | 9.9252218 9.8069714. | 10.1930286 
41 9.7323902 | 9.92514083 c.8072494 | 10.1927506 
2 þ9.7325870 | 9.9259597 9.9075273 | 10.1924727 
43 | 9.7327837 | 9.924976 9.807 8052 | 10.1921948 
44 | 9.7329803 | 9.9248974 | | 9.8080829 | 10.1919171 
45 | 9:7331768 9.9248161 | 9.8083606 | 10.19163 94. 
46 | 9.7333731 | 9.9247349 | | 9.8086383 |10.1913617 
47 | 9-733 5693 9.9246535 9.8089158 | 10.1910842 
48 | 97337654 | 96349721 9.80g1933 | 10.1908067 | 
49 | 9.7339614 | 9.9244907 | | 9.8094707 | 10.1905292 
50 | 9.7341572 prota | 9.8097480 | 10,1902520 
51 | 9.7343529 | 9.9243277 9.8100253 | 10,1399747 
2 | 9-7345485 9.9242461 9.58103025 10.1896975 
53 | 9-7347440 | 9.9241644 | | 9.8105796 |1c,1894204 
54 | 9-7349393 0.9240827 9.8108566 | 10.1891434 
55 1 9.7351345 | 99240010 | | 98111336 10, 1888664 
56 | 9.7353296 | 9.9239191 9.8114105 10.1855395 
57 | 9:7355246 9.9238373 9.8116873 | 10.1553127 
58 | 9.7357195 | 9.9237554 | | 9.3119641 | 19.1880359 
59 | 9.7359141 | 9.9230734 9.3122408 | 10.1877592 
6D | 9.7361088 | 9.9235914 9.8125174 | 10, 1874826 

5 Rd | ——| |— 
Sin. 57. lt T ang. 57. _ 


fl 


Z| 0: wal wow 


"vs, 


——_— 


'M 


30 


Sin. 33. 


O | 9.7361088 


9.7363032 
$.7364970 
9.7 366918 
9.7368859 


9.7372737 
9.7374675 
9.7 376611 

0.7378546 
9.7380479 


|  ——_—— 


9.7382412 | 


9.7370799 | 


99235914 


| 99235093 
| 949234272 
| 949233450 
9.9232628 
9.9231865 
9.9230982- 
9.9230158 
9.92293 34 
9.9228509- 


| 99227684 


0.9226858 


Ms 


9.73384343 
9.7386273 
9.7388201 


9.7 390129 


9.7392055 


9.9226032 
9.9225 205 
9$.9224377 
9.9223549 


0.9222721 | 
0.92218g1 


9.7393980 | 


9.7 395 904 


9.7401668 


9.7403 587 
9.740505 


9.7407421 | 9.9216073 | 


9.7409337 


07411251 


x | 


| 


9.7413164 
9.7415075 
9.74.16986 
9.7418895 | 


9.9221061 


9.7397827 | 99220232 | 
| 9.7399748 | 9.9219401 


9.9213570 
0.9217738 


| 
| 


| 


: 


| 
| 


——— 


| 


b 


9,9216906 
9.9215240 


9.9214406 
99213572 
9.92127 37* 
9.9211902 
0.9211066 | 


Sin, 56. 


| Tan. 33. 


|S 


9.8125174 | 10.1874$26 


| 9.8127939 


9.81 30704. 
9.313 3468 
9.8136231 
9.8138993 


9.8141755 | 
9.814456 
9.8147277 
9.8150036 
9.3152795 


9.B155554 
9.8158311 
9.8161068 
0.8163824. 


9.8172089 
9.8174842 


9.8177595 
9.8180347 | 


9.3183093 | 
o.8188599 
9.3194096 | 


0.8202338 


0.8205084 | 
0.8207829 | 


GD — —— 
10.1872061 


10,1869296 | 
10,1866532 | 


10.1863769 
10.1861007 


10.1858243 


10.185 5484 
10,1852723 


10.1849964. 
95-46: 


190.184.4446 
101841689 


| 10,1838g932 


10.1836176 


| 9.8166580 | 10.1833420 1g! 


Ot ———— A — 


| 0.816g335 | 10.1830665 |, 


10.1827991 
10,1825158 


10.1822405 
10,181965 3 


10,1816902 
I0.18r4151 
10.191 1401 
10.1808652 
10,1805 904 


Io:1803156 
10,1800408 


| 10,1797662 


10.1794916 
I,1792171 


Tang. 56. 


M 


as 
48| 
47 

46 


—— 


44 


| 43 
42 
| 441 
40 
| 39 
| 38 
| 36 
19 


bu 
33] * 
32 
JI 


30 


—_— 


PG 


Sin. 33. Tang. 33. * 
30 | 9.74188g5 9.921 1066 \ = IO0.1792171 ot 
LEES o 
' | 9.7420803 | 9.9210229. | 9.8210574. 1 10.1789426 291 
a 209393 9.8213317 | 10.1786683 | 2 
= A7GageeS <_ 9.8216060 10.1783940 27 
4 bu 8218803 | 10,1781197 | 26 
9.7426520 | 9.920#717 | | 9, 218803 | . 
+ 9.7428423 9.9206876 | ent. od 10.1778455 5 
"4 | 14 | 24 
36 ( 9.7430325 | 9.9206039 9.8224286 | 10 1775714 " 
205200 9.8227026 | 10.1772974. 
_ fiaamnncd be. . ay 9.8229766 | 10.1770234 | 22 
rig Menneny | ont oorroagsl 
= o 1 p 
j9 9,7437921 {| 9.9202678 | 9823 5244 | I0,1764.7 56 "y 
jo" | | 2 I 4 IO0.1762019 ; Ig 
41 | 9.7439817 | 9.9201836 | | 4) en 955 | by 
Eo ben ht Pe 
144] y1 8246191 | 10:1753809 | 1 
44 | 97445498 | 9.9199308 | | 9.8246191 | 
is _ | — 9.8248926 | 73007) 5 
ys | 8251660 10.174$340 I4 
;0 | ———_— hopayee | 98554394 0709605 13 
# lo. : 127 | 10.1742873 172 
45 [97453056 | nt | arte | 10.1740140 | 11 
49 CIOET TIL 4 8262592 10.1737408 | 10 
50 | 9-7456828 0 9.9194237 | fo h 
m——_—_—__« Wu 
Fl ; 6532 10.1734677 it © 
Ea JRAF 
oof p04 ; Ig16 | 8270783 | 1c.1729217 7 
. 94 9.62707 7 
yl] raed 4 Rees 8 | 8273513 | 10.1726487 | 6 
9.7464358 | 0.9190845 | | g. 
54 9.7466237 atten} | 9.8276241 | 10.1723759 he | 
$ — 4 c— —_ 
154] Jup—__ I0.1721031 | «4 
2 en) — DD 10.,1718304 | 3 
We A 471868 hte rt is 0.828423 10.1715$77 | : 
: | &, 2 10.1712851 
59 | 9.7473742 | 9.9186594 | Nees ors 16 
69 | 97475617] 9.9185742 | | 98259874} '% 
i: \_— v 
| | Sin, 56. | Tang. 56. ® 2.4 


Foun 6Cf 
© | 9.7475617 | 9-9185742 | 9.823 9874 > 1 ns | = 
— | — ; I0.17074O1 | 59 
r | 97477489 1 9:9 5/448 7 at 10.1704677 | 58 
5 | 97481230 | 9.913183 | | 98298047 | 101791995 | $7 
9.7401 g 10.1699231 | 56 
2 0300769 99 
| $70I0GS 9-9132329 | |9 | 6508 
5 | 9.7484967 | 9.9181475 CC" 22Yhet 1 
| — "WS 10,.1693787 
6 | 97486833 | 99180620 | | 98306213 | 101693787 5 - 
| '7 | 9.7488699 | 9.91 4 <tr. aders 654 | 10.1688346 
9.7492425 |} 9- ; .1682 © 
$- | 9.7494287 | 99177194 | | $:8317093 | 10.1682907 : 
———— 
og 10.168018 
| 9.7496148 99176336 [9952529 nn 491 
12 | 9.7498007 | 9977347 8325246 10.1674754 | 47 
13 | 9.7499866 | 4. (a1dhe <6 n 10.1672037 | 46 
I4 9.7FOI723 9.9173700 | r: 306 9 | I0,1669321 451 
5 | 9:7503579 | 9:9172900 —_ n 
— SK 19-4. 10,1666606 , 44 
I6 | 9.7505434 | 9+9172040 —_—_ 10.1663891 | 43 
17 | 9.7507287 | 9.9171179 0.8338823 | 10.1661177 42] 
18 | 9.7509149 | 9.9170317 $341536 | 10.1658404 | 41 
19 | 9.7510991 | 9:9169453 | | ” 249 | 201655757 | oo 
20 | 97512842 | 9-9168593 hp vevm nc | — 
al 10.1653039 , 39 
27 | | AASLAOE | HE72Ne —_— 10.1650327 38 
22 | 9:7516538 @.91 | 8352384 10.1647616 |; 37 
23 | 9.7518385 | 9.9166002 OS ie:r6gupos | 36 
24 1 9.7520231 | 9.9165137 oo 804 | 10.1642196 | 35 
25 | 9.7522075 6:0 havin | Lal bs 
_ x {© 160 <a ; 'T 10.1639487 
26 } 9.5523919 | 99163406 pSocoges. 10.1636779 | 33 
27 | 9.7525761 ! 9.9162539 0.8365929 1 10.1634071 | 32 
28 | 9.7527603 | 9.9161673 8368636 | 10,1631364 | 31 
29 9.7529442 9.91 60805 | 0 r942 | 12.1628657 30 
30 adorn) 9.915937 | 37 #7 
ac .55-. I'M 
Sin, 55» | 0.15 


M ! Sin, 34. 1 ang. 34. | 
30 can 9.9159937 | 9.8371343 
31 | 9.7533118 | 9.915906g & | 9.3374049 
32 | 97534954 | 9-9:58200 | | 9.8376755 
33 | 97536790 | 9:9157330 | | 9.8379460 
34 | 9-7538624 | 99156460 9.38382164 
35 | 9-7540457 | 9.9155589 } ! 9.8384867 
36 | 9.7542288 | 99154718 9.8387571 
37 | 9:754411g9 | 9:9153846 j | 9.8390273 
38 | 9-7545949 99152974 | 9.8392975 
39 | 9:-7547777 | 9-9152101 9.5395676 
40 — 99151228 Sn 
lr | 9-7551431 | 9-9150354 | 98401077 
42 | 9-7553256 | 99149479 | | 9.8403776 
43 | 9:7555980 | 9.9148604 | 9.8406475 
44 | 9-7556902 | 99147729 | | 9.9409174 
45 | 9-7558724 | 9.9146852 90.8411871 
46 | 9-7569544 9.9145971 | 9.8414569 
[#7 9.7562364 | 9.9145099 9.8417265 
48 | 9.7564182 | 9.9144221 9.8419961 
49 9.7565999 {| 99143342 9.8422657 
50 | 9.7567815 | 9.9142464 | | 9.8425351 
F1 | 9-7569630 | 99141584 | 08428046 | 
52 9395464 9.9140704 9.8430739 | 
53 | 9.7573256 | 9.9139824 | | 9.8433432 
54 | 9.7575068 | 9.913894 3 | 5436125 
55 | 9.7576878 | 9.91 38061 9.84.38817 
56 | 9-7578687 99137179 | 98441508 
57 | 9:7580495 | 9.9136296 | 9.8444199 
58 | 9.7582302 9.9135413 | 0.8445889 
59 | 9.7584108 | 9.9134530 | 9.849569 | 
60 | 9.758593 | 9.9133645 9.8452268 
| Sin. 55. © | 
| K k k k 


_ 


10. 1526857 
—_ 
10.1625951 
IO, 1623245 
I0,1620540 
I0.1617836 


| IO,IGIF133 


ee 
I0.,.1612429 
I0.16097 27 
I0.,I605025 
IO, 16043 24. 


10,1601623 | 


I0,t5g98923 
I'O0,1596224. 
10.1593525 
10,1590826 
I0.1588129 


— ———————__ 


I0,1585431 
10,1582735 
IC.1580039 
I0.1377343 
10.1584649 


10.1571954 
10.1569261 
10.1566568 
10.1563875 
I0,1561183 


10,1558492 
10.1555801 
IO0,1553111 
10,1550421 
10.1547732 


nr n————— 


| _T ang. 55. 


——_— 


MII ISS 


_——— 


| 


| 


| 


M | Sin. 35. T ang. 35+ | 
0 97585913 (neva ife | | 9.8452268 | 10.1547732 | 60 
r | 9:7587717 aw £.3454956 , 10.1545044 | 59 
2 | 9:7589519 | 9-9131875 | | 9.3457644 | 10.1542356 | 58 
3 | 9.7591321 |, 99130989 0.8 60332 | 10.153g668 | 57 
4 | 9-7593121 | 9-9130102 £.8463018 | 10.1536982 * 56 
| 5 | 97594920 | 99129215 | 9.8465705 | 10.1534295 55 
ls) | 07596718 9.9128328 9.8468390 | IC,IF3ZIGIO 54 
7 | 97598515 | 9.9127440 | | 9.8471075 | 10.1528925 | 5; 
$ | 9.7600311  9.9126551 | | 9.8473760 | 10.,1526240 | 52 
9 | PYYEnaOG 9.9125662 | 9.8476444 | 10.1523556 | 51 
10 | 9.7603899 | 9.9124772 | 9.3479127 | 10.152087 3 [50 
_ | | —— hw 
tx | 9.7605 692 | 9.9123882 9.8481810 | 101512190 | 4g 
12 | 9.76074$3 | 9.9122991 9.84 $4492 | 10.1515508 | 48 
I3 , 9.7609274 | 9.9122099 9.8487 174. I0.15 12826 | 47 
14 9.7611063 | 9.9121207 | | 9.8489855 | 10.!5IO145 | 46 
5 pes = 9.91290315 hab 1507464 | 45 
2 | mn ſt: © bY as 
16 ' 9.7614638 9.9119422 ( Pnaggant 10.1504784 44 
17 | 97616424 9.9118528 | 98497896 | I0.1502104. | 43 
18 | 9.7618208 9.9117634 9.8500575 } 10.1499425 | 42 
19 | 9:7619992 | 99116739 | | 9.8503253 | 10.1496747 | 41 
29 | 97621775 | 9.9115844 | 98505931 | | 10,1494069 40 
BY | | 
21 9.7623556 | 9.9114948 9.8508608 | 10.1491392 | 39 
22 | 9.7625337 | 9.911405FI 9.8511285 | 10,1488715 | 38 
23 dara 9.9113155 | ; 9.8513961 1 10.1486039 | 37 
2 | 0.728894 9.9112257 | | 9.8516637 | 10.1483363 | 36 
25 1 9:7630671 | 9.9111359 9.8519312 | 10.1480688-] z5' 
26 | 9.7632447 | 9.91 I 0460 0.3521987 ; 10.1478013 | 34 
27 | 9.7634222 | 9.9109561 | | 9.8524661 | 104475339 , 33 
28 | 9.7635996 | 9.9108661 | | 9.8527335 | 10.1472665 | 32 
29 | 9.7637769 | 9.9107761 | 9.8530008 | 10,1469992 | 31 
30 RR 9.9106860 9.85 32680 | 10,1467320 | 30 
Sin. 54. | | T ang. 54. Ml 


vii 


M | 5; 1 ang. 35. 
M Sin, 35. | x 
JL .85 32680 
30 | 9.7639540 —_— 9.953 
ab atodacs 3535352 
{ones | pocome! 1208 
Ho eabep [oorehryy | [obinodes 
33 | 9-7644849 —_ | none 
4 4+ og 8 | | 9.8546034. 
35 | 9:7648382 9.919234 | 
| | 9.8548704. 
36 *6 | 9.7650147 — | ey" 
\ { beclns tx. 9.85 54041 
38 | 9-7653074 —_— | — 
39 | 9.7655436 | 9-9 _ yo 
40 | 9.7657197 | 9.909792 
16D .8562042 
JEARAE 
oj fem: <__ O99 , | 9.8567374 
43 | 97662473 | 99 <A p <<. 
44 | 9-7664229 | 99994 - | 28572704 
45 | 9-7665985 | 9.9093251 
” 8575368 
wy 9.7667739 99092371 | _—_ 
þ SG P.S0goF5o 9.8580694. 
48 | 9.7671244 | 9. — 
49 | 9-7672996 99029039 RP? 
50 tba 9.9088727 
.8588680 
5 16) baton rare | Eng | FE 341 
9.767 | 85 94002 
89 | 9.9085988 9. 
53 6 Go 85073 G,85 96661 
9.7681735 | 9.908507 ; - 
4 63D des 9.9084159 [OR | 
$6 .8601 980 
$6 | apetras | honteac | | olhngs 
þ 4 ft wana tre pes | 90.8607296 
l58 | 9.7688707 4-05 whom: ee 
59 | 9.7690448 | 9.90804 4.) | 
60 pan acne 2 
If puny 7 


LEE 2 | 


I0.1457 320 
© 200 OOTY ON 
10.1464648 
10,1461977 
10.1459306 
I0.1456635 
10.145 3966 


I0.1451296 
10.1448628 
10.1445959 
IQ. 1443292 


—— cn — —_ EE. 


10.1 440624 


— 


—— 


10.1437958 


I0.1435292 
I0.1432626 
10,1429961 
I0.1427296 
10.1424632 
10,1421969 
10,1419306 
10,141664.3 


10.1413981 


10.1411320 


10.1408659 


10.1405998 
10,1403339 
I©0,1400079 


10,1398020 
IO0,1395362 
10,1392704. 
10,1390046 
10,1387390 


IEG. <>, 2! 


 m— — —  — 
— QC 


© 18 


= 0 = Þwea a «I ov | 


I6f 


_— — 


M n. 36, T ang. 36. | 
07 9.7692187 | 9:9079576 AA 10.1387390 | 60 
I 7693925 | 99078650 | | 9.8615267 | 10.1384733 1! 5g 
2 | 9.7695662 | 9.9077740 | | 9.8617923 IO, ton» 58 
3 | 97697398 | 9.9076820 | | 9.8620578 | 10. _— 57 
4 | 9.76991 34 | 9.9075901 | 9.8623233 | 10.1767 | 56 
'S 9.7700868 | 9.9074980 9.8625887 | 10.1374113 | 55 
6 1 9.7702601 A 109 | 9.8628541 | 10.1371459 54 
7 9.7704332 | 9.9073138 9.8631195 | 10.1368805 53 
8 ! 9.7706063 | 9.9072216 9.8633848 | 10.1366152 52 
9 | 9:7707793 | 9:9071293 | | 9.8636500 | 10.1363500 | 5x 
IO | 9.7709522 9.9070370 | | 9.8639152 | 10.1360848 | 5O 
11 | 9.7711249 } 9.9069446 9.8641803 | 10.1358197 | 49 
12 ' 9.7712976 | 9.9068522 9.8644454 | 10.1355546 | 48 
13 | 9.7714702 | 9.9967597 | 19.8647105 | 10.1352895 | 4- 
14 | 9.7716426 | 9,9066671 9.8649755 | 10.1350245 | 46 
fy | 9.7718150 | 9:9065745 9.8652404. | 10.1347596 45 
wy | 9.7719872 WS | | 98655053 10.1344948 | 
17 | 9.7721593 | 9.9063892 | | 9.8657702 | 10.1342298 
18 | 9.7723314 | 9.9962964 | | 9.8660350 | 10.1339650 | 42 
I9 | 9:7725033 | 9.9962036 | | 9.8652997 | 10.1337003 | gt 
20 | 9.7726751 | 9.9061107 | | 9.8665644 | 10.2334356 40 
— — —— m_—f ww 
21 | 9.7728468 .| 9.9060177 [os ; 10.1331709 | 39 
22 | 9.7730185 | 9.9959247 | | 9.8670937 | 10.1329063 | 38 
23 piiks = 9.9058317 ; | 9.8673583 | 10.1326417 | 37 
24 1 9.7733614 9.90573864| ; 9.8676228 | 10.1323772 | 36 
25 | 9.7735327 | 9.99256454. 9.8678873 | 10.1321127 35 
26 1 9.7737039 | 9.9055522 | | 9.8681517 | 10.1318483 
27 | 9.7738749 | 9.9054589 90.8684160 ' 1&1315840 - : 
28 | 9.7740459 | 9.9953656 | 0.8686804 10.1313196 | 32 
29 | 9,7742168 4 9.9052722 9.86894.46 | 10,1310554 
30 | 9.7743876 | 9.9051787 | [= 10,130791I1 | 30 
Sin. 53. Tang.53. |'M 


/ 


| Sin. 30, 
9.7743876 


9.7745583 
9.77 47288 
9.7748993 
9.77 50097 
9.7752390 


A———— 
MD — 


90.7 7541IO01 
9.7755801 
9,775 75JOl 
9.7759199 
9.7762897 


9.7762593 
9.77 64289 
9.7765983 
9.7767670 
9.7769369 


9.777 1060 
9.777 2750 
9.7774439 
9.7776128 
9.7777815 


9.7779501 
9.7781186 


9.7782870 
9.7784553 


9.77 89596 
J.779! 275 
9.77 9295 ? 
9.7 794030 


|= 


————— 


9.7786235 


9.777916. 


| 


9.905 1787 


9.905085 2 
9.9249916 
9.9048980 
9.9048043 
9.9047106 


9.9046168 


9.9045230 


9.9044291 
9.9043351 
9.9042411 


9.9041470 
9.9040529 
9.9039587 
9.9038644 
9.9037701 


9.9036758 
9.9035813 
9.9034868 
9.9033923 
9.9932977 


9.903203 1 


9.9031084. 
9.9030136 
9.9029188 
9.9028239 | 


9.9027289 
9.9026339 


9.9025389 | 


9.9024438 
9.9023486 


Sin, 53. 


—_____—_— 


90.8694831 | 


| 9.370001 3 


Tang.36, | 


9.8692089 


9.8697 372 


9.8702653 
9.8705293 


9.8707933 
9.37 10572 
9.8713210 
9:8715848 
90.87 18486 


9.8721123 
9.8723760 
9.38726396 


9.57 29032 | 


9.87 3 1668 | 


9.87 34302 
9.87 36937 
9:8739571 
9.8742204. 
9.8744833 


9.3747470 
9.8750102 
9.87527 34 
9.8755 365 
9.8757996 


9.8 760627 
9.8763257 
9.8765886 
9.8768515; 
9.8771144 


BD — 


—— 


J 


10.1 397911 


IO0.1305269 
10.1302628 
10,1299987 
10.1297 347 
10.1294707 


I0.1292067 
10,1289428 
IC, 1286790 
10.1284152 
10.1281514 


10.1278877 
10,1276240 
I0.1273604 


10.1270968 + 


10.1268332 


10.1265698 
I0,1263063 
10.1260429 
10.1257790 
I0.1255162 


10.1252530 
10.1249898 
10,1247206 


10.1244635 
IO. | 242004 


10.1239373 
10.1236743 
10.1234114 
10,1231485 
10,1228856 


T ane. 53. | 


ty 
>} 


Band teen! 


(9) 


I 
2 


Sin. 37. 


9.7794630 


9.7796306 
9.779798! 


7801328 


| 9. 
9.7803000 


— 


9.7804671 
$.7806341 
9.7808010 
9.7809677 
| 9.7811344 


4 


0.7813010 | 
9.7814675 | 
9.7816339 
9.7818002 


, 9.9023486 


9.7799655.., 


| 


9.90225 34 
9.9021581 
9.9920628 
9.9019674. 
9.9018719 


= —— 


| 9.9017764 


9.9016808 


9.9015852 | 
9.901MgF | 
9.9013938 


| 9.7819664. | 


9.901 2980 
9.9012021 
9.9011062 
9.9010102 

9.9009142 


9.7821324 
9.782 2984. 


0.7826301 
| 9.7827958 


9.7829614 


0.7824643 | 9$.9006257. 


9.7832922 
9.7834575 | 
9.7836227 | 9.899506 


| 9.7837878 
9.7839528 


9.7841877 
9.7842824. 
9.784 4471 


9.7831268 | 


| 9.8994667 


9.9008181 
9.90072 9] 


9.9005 294 - 
9.9004331 


9.9003 367 | | 
9.9002403 


| Tang. 37. 


| 0.877 1144 | 


9.8773772 | 


| 


: 


| 
| 
[258 


9. .9900472 
9.8999506 | 


9.89985 39 | 
9.8997572 
9.8996604. 
9.8995636 


Sin, 52» 


| 9.8823627 


9.8776400 
| 98779027 
| 9:8781654. | 
9.8784281 


9.8792158 
9.87 94782 
9.8797407 | 
9. —_— I 
98 02654 
9.8805277 
9.8807900 
9.88 T0523 


0.8813144 
9.8815765 
9.8818386 
9.8821007 


9.8826246 
9.8828866 | 
90.8831484 
0.8834103 
0.8836721 


En 


— 
10.1228856 
ee ee EE ee ns 
10.1226228 
I0,1223600 
I0.1220973 
10.1218345 
IO.IZIF7I69 
— —_— 
10,1213093 
T0.1210467 
10.1207842 
10.1205218 
IO,I202592 
—— 
IO.1199969 
10.1197 346 
I0.1194723 
IO.1192100 
10.11894.78 
mm 
I0.1186856 , 
I0.1184235 | 
IO.1t81614 
I0.1178993 
I0.1176374 
— 
10.1173754 
IO11711 
10.1168516 
IÞ.I165897 


T0.,1163279 | 35 


IO,I 160662 
I0.1158044. 
I0.1155428 
to.1152811 


ICITFOIg5F 


Tang. 52. 


60 


> 


59 
58 
57 
56 
55 


54 
53 
52 
5 I 
FO 
| 4 

48 
47 
46 
45 


= 


34 
: 


— 


M— 


A— 


— 


— 


9.7846117 
9.7 847762 
9.7 8494.06 
9.78531049 
9.785 2691 
9.7554332 
9.7855972 
9.7857611 
9.7859249 
9,7 8060886 


9.7 8662522 | 


9.7864157 
9.7865791 
9.7 867424. 
9.7869056 


9.7870687 
9.7872317 
9.7873946 
9.7875574 

9.7877202 | 


9.7878828 | 
9.788045 3 
9.7882077 
9.7883701 
9.7885323 


9.7886944 
9.7888565 
9.7890184 
9.7891802 
9.7893420 


_— 


9.5994667 


9.8969265 
0.8968280 
2.8967294 
9.8966308 
9.8965 321 


—_—__ 


Sin. 52. 


— — 


ab 


Pe ES 
— 


| [ang.3F | 


9.8849805 


9.5852420 
9.8855035 
9.8857650 
9.8860264. 
9.8862878 | 


9.8865492 
9.3868 105 
9.8870718 
9.88g3330 
9.387 5942 


EC C——_— 


I0.1150195 
10.1147508 
IO.I 14.4965 
I0.1142350 


10.1139736 
IO0.1137122 


10.1134508 
10.11318g95 
I0.1129282 
I0.1126670 
10.1124058 


9.5875554 
9.5881165 
9.5883775 
9.8886386 
9.55:88996 


9.8891605 * 
9.8894214 
9.889682 3 
9.88994 32 | 


| 9.8902040 


9.5904647 || 
9.9907254 
0.8909$861 
9.891 2468 
9.8915074 | 


c.8917679 
9.8920285 
&©.3922890 
0.53925494 


1 9.8928098 


— ——— 


H 


10.1121446 
10.1118835 
I0.1116225 
IO.11T13614 
10.1111004 


10.1108395 
10.1105786 
[0.1103177 
10.1100568 


10.1097960 


I0.1095353 
10.1092740 
10.1090139 
10.1087532 
10. 1084926 


10.1082321 
10.1079715 
10.1077110 
10.1074506 
10,107 1902 


Tang. 52. 


loa pw ſwawmews 


| 


| 


] 


Pi 


TM Sin, 38, \ 


0 | 9.7893420 |! 9.8965321 


, — cu — 


x | 9.7895036 | 9.8964334 
9.3963 346 

*J3 | 9.7898266 9.8962358 
4 | 9-7899880 | 9.3961369 
9.38960379 


= 


9.7993 104. | 9.8959389 
9.7904715, | 9.8958398 
9.7906325 . | 9.895 7406 


6 
7 
hot 
9 | 9.7997933 | 9:8956414 
(@) 


C—_._ _—_— 
—— 


9.7909541 | 9.895 5422 | 


— OO 
11 | 9.7911148 | 9.8954429 
12 | 9.7912754 | 9-395 343.5 
[3 | 9.7914359 | 9:8952440 
14 | 97915963 | 98951445 
I5 | 9.7917566 Er” 


16 | 9.7919168 |, 9.8949453 
[7 | 9:7920769 9.8948457 
9.7922369 | 9.3947459 | 


20 *9.7925566 0.8945463 


mn; 9.7927163 | 0.8944463 
22 | 9.7928760 | 9.8943464 
9.7930355 | 9.8942463 
9.7931949 90.894.14.62 
25 | 9.7933543 | 98940461 
26 | 9.7935135 | 9.8939458 
27 | 9.7936727 | 9.8938456 

F 9.7938317 Vg.8937452 
nn 9.7939907V 9g. $9364.48 
9.7941496 '9.893 5444 


-| 


Sin, 51. 


| 


— RE mY 


| 


| 


| 9.39697 14 | 


K 


Tang. 38. 


9.8928098 


pane 


9.930702 | 
9.8933 306 
9.893590g9 
9.8938511 
9.8941114. 


9.8943715 
9.8946317 
9.8948918 
9.895 IFI9 
0.89541 I9 , 


9.8956719 
9.8959319 | 
9.8961918 

9.8964517 | 
9.8967116 | 


9.8972312 
9.8974910 
9.8977507 
79: 8980104 | 


9.8982700 
9.8985 296 
9.8987892 
0.8990487 
9.8993082 


0.85 98271 
9.9000865 
9.9003459 


0.8995677 | 


| . 
I0.1071902 


I0.1069298 
10.1066694. 


IO. I064091 


10, ay614% 


—— 


10.1056285 
I0,1053683 
I0,TOF 1082 
10.1048481 


I0.104588r | 


10.1043281 
10,1040081 
10.1038083 


10.1035483 
10.1032884. 


10.1030286 
I0.1027688 
I0.1025090 
I0.1022493 
10.1019896 


— 


10,1017 300 
10.1014704 
I0.1012108 
IO.I00951 3 
10,1006918 


— 


IO0.1004323 
IO,IOOT729 


| 10.09991 35 


0.099654 1 


9.9006052 | 12.0993948 


Tang. FI. 


[54 54 


= 


52 
5o 


Þ þ +> be 
Re... 5 . AS 


IM | Sin, 38. | 1 aug. 38, 

30 | 97941496 9.393 5444 | 9.9006052 | 10.9993948 { 39] © * 

ZE | riots 9.3934439 | 9.9008645 | 10.9991355 29 

32 | 9-7944670 9.393 3433 9.9911237 | 10.0988763 | 28 

33 | 9-7946256 | 9.8932426 | | -9.9013830 10,0986170 | 27 

34 | 9-7947841 9.8931419 | | 9.9016422 | 10.0983578 | 26 

35 | 0.7949425 | 9.8930412 þ | 9.9019013 | 10.0980987 * 25 

z6 | 9.7951008 | 9.3929404 9.9921604 | 10.9978396 } 24; 

37 | 9.7952590 9.3928395 9.9024195 | 10.997 5895 | 23 

38 | 97954171 98927565 | | 9.9026786 4 10.997 J214 las 

39 | 9:7955751 9.8926375 9.9029376 | 10,0970624 | 2! 

40} 9.7957330 | 98925365 | | 9.9031966 |.10.0968034 | 20 

_ nova Oh = 

41 | 9-7958909 | 9:3924354 | | 9:9034555 | 10,0965 445 } 19 

42 | 9-7960486 9.8923 342 4 9:9937144 10.9962856 18 > 

43 | 9.7962062 | 9.8922329 | | 9-9039733 | 109960267 | "7 

44 | 9:7963638 | 9.9921316 | | 99042321 | 19.9957679 16 

45 | 9:7965212 , 98920303 9.9044910 | 10.0955090 15 : 

46 | 9:7966786 | 9.8919289 |. | 9.9047497 | 10.9952503 | 14 

47 | 9:7968359 | 9.8918274 | 9.9050085 10,0949915 13 

48 | 9.7969930 | 9.8917258 | 9.995 2672 | 10,.094732 12 

49 1 9-7971501 | 9.8916242 |" | 9.9055259 | 100944741 | 

50 | 97973071 9.8915226 | 9.9957845 10,0942155 | 10 

FI | 9.7974640 Ne mpg) | 9.9060431 10.0939569 ol 

52 | 9.7976208 | 9.8913191 | | 9.9063017 | 10.9936983 8 

53 | 9.797775 | 98912172 | | 9.9065603 | 10.0934397 | 7! 

54 | 97979341 9.8911153 | | 9.9068188 | 10.0931812 | 6 

55 9.7989906 9.8910133 | 9.907077; | 10.9929227 5 

56 | 97982470 | pagers | 00073497 10,0926643 4 

57 | 9.7984034 | 98908092 | | 9.9075942 | 19.9924059 | 3 

58 | 9.7985596 | 9.890707! 9.9078525 | 10.0921475 | 2 

59 | 97987158 | 9.8906049 9.9081 109 | 10.0918891 | 1 

60 | 97988718 98905026 ff 9.9083692 | 10.0916308 | © 
Sin, 51. Teng. 51. ml 


L INI 


Sin, 39. 


—__— — 


- 


7 | T ang. 39. 
OO” .091372 9 
# 9.7990278 | 9.5994003, a ane —_ 58 
9:7991836 | 9. m4 paoprenetiuogedole 57 
9.8991gg4 | | 9. 
: 9.7993394 | g ' 9.9094022 | 10. 2905978 
.7994951 | 9. 900929 ; 9. > , 
Et | Hs: 81 
6 | nn | Su0e0077 | | Poweprty] agredis 54 
7 | 9.7999616 | 9.8897850 | | 9.91017 a6, $653 | 52 
8 7 9.800116g | 9.8896822 | | 9.9 104347 100893073 | 2; 
9 | 9.8002721 | 9.8895794 | | 9.9106927 10.0890493 | 50 
10 | 9.8004272 | 9.8894765 | 9:9 109507 7 24a "7 
_ 14 10.0887913 | 49 
E | 9.8005823 | 95093736 _— ob85954 481 
|: 9. IN 37219 > 889167 | 9.9117245 | 10.0882755 47 
OIO 
mal fern mo | 239oi —— 
= 10.0875019 ; 44 
16 08013561 - —— ; o_ 10.0872441 | 43 
17 | 9.8015106” 0097547 raed. 10.0869863 | 42 
18 | 9.8016649 | 9.8886513 132714 | 10.0867296 | 41 
19 | 9.8018190 | 9.8885479 | | 9-9 135291 |; 10.0864709 | 40 
20 i 9.8019735 | 9.888 | f Hs 35- = 
IA 5M 10,0862132 , 39 
| 9.3021276 | 9.8833408 | | >See | 10.0856556 | 38 
90.8022816 | 9.8882372 es > 10.0856980 ; 37 
: 0.80243 J5 ox dt ts 596 10.085 4404. 36 
24 1 9.8025894. 9.888029 9. 148171-j 10.0851829 | 35 
25 | 9:8027431 | 9.8579260 | | 99 4 | = 
| 10,.0849253 | 34 
| 9.8028968 | 9.8878221 | | 99150747 | 10.9846678 | 33 
90.8030504. ! 9.8877182 — \ I0,0844104. 32 
[28 | 0,9032038 — a 09138471 | 10.0841529 | 31 
2 5033572 | 9.597 | -.0838955 | 30 
vt) ' Bar $4wml 9.8874061: | 99161045 int _ | 
FT TR M 
F nid —— — WM, '-v 
| " $41.50. | Tang. 5 Fro 


46 


Sin. 39, 


9.8035105 


9.8036637 
| 9.8038168 

9.3039699 
9.804.1228 
9.8042757 


| 9.8044284 
9.8045811 
9.8047336 
9.8048361 

9.8050385 


9.8051908 
9.805 3430 
9.8054951 


9.805 0472 p 


9.8057991 


9.8059510 
9.8061027 
9.8062544 
9.8064060 


9.38065575 


9.38067089 
9.8068601 
0.8070114 
9.38071626 
9,.8073136 


9.8074646 
9.8076154 
90.8077662 
9.8079169 


9.8080675 


| 


9.5874061 


9.8873019 
9.887 1977 
9.3870934 
9.3869890 
9.886884.6 


A—— 


Lt 


9.8867801 
9.8866755 
9.8865710 
9.8864663 
| 9.8863616 


| 9.8862568 
9.8861519 
9.8860470 
9.855 9420 
9.8858370 


9.3857319 
9.88 56267 
9.8855215 

9.885 4162 
9.885 3109 


A ——_ 


9.885 1000 


9.884994 5 
9.8848889 
9.8847832 


9.8846775 
9.8845717 


9.8844659 
9.8843599 
9.8842540 


Sin. 5O. 


98852055. 


— 


A— 


T ang. 39. 


9.9161045 


9.9163618 | 
9.9166192 


| 9.9168765 


9.9171338 
9.917391l | 


9.9176483 
9.917905 
9.9181627 
9.9184198 
9.9186769 


9.9189340 
9.9191911 
9.9194481 
9.919705 | 


9.9199621 


; 


> — 


10.0838955 


10.0836382 
10.083 3 808 
10.9331235 
10.9828662 
10.9826089 


10.0823517 
10.55820945 
10.081 $373 
10.0815802 
10:08! 3234 


10.08 10660 
10.0808089 
10.0805519 
10.0802949 
10.0800379 


9,.9202191 


0,9204760 , 
9.9207329 
9.9209898 
9.9212466 


__— 


10.9797 806 
10.0795 240 
10.0792071 
10.979CIO2 
10.0787534 


9.9215034 
9.92 17602 
9.9220170 
9.9222737 
9.9225 304 | 


9.9227871 


9.9230437 
9.923 3004 
9.9235570 
9:9238135 


<—_, 


- 


10.07 84966 
10.0782398 
10.0779830 
10.0777203 
10.0774.696 


10,0772129 
10.0769503 
10.07 66996 


10,0764430 
10,9761865 


T -»2, JO. 


L'I1112 


Wa 
Oo 


t» b te» & & 
Wa a © © 


to wo þÞ | 


— 


th bt bÞ tb .& 


| SAI to | 5 


Mm 


Z| 0- wwe l mow owe | 


= 
no 


- 


wu > SW OO 


OS ND Wain ren es — ann Be. Ae 


wid nin 0 WAKING IE ITO Worm ie oo Ee es He AE 4 RS et EEG nes Ge ES At os 8 P 


Is = T_T Pe Tet. ASS Ae. . = CR TY 


M } Sin.40. T ang. 40, 
| 0 SE | —— — — 
O | 9.8085675 ! 9.8842540 9.9238135 | 10.0761865 | 60 
9.8082180 | 9.88414.79 | 9.9240701 j 10.0759299 | 59 
90.8083684 ' 9.8840418 | 9.9243 266 10.0756734 | 58 
9.8085188 | 9.8839357 | | 9.9245831 | 10.0754169 | 57 
[3 9.808669 | 9.8838294 | , 9.9248396 5 10.2751604 | 56 
L 5 5 | 98985193 9-38837232 | | 9.9250960 | 10.0749040 | 55 
9.8089692 ,' 9.8836168 9.9253524 | 100746476 | 54 
: 6.8091 192 | 9.835104. 9.9256088 | 10,0743912 53 
8 ! 9.8092691 | 9.8834039 | | 9.9258652 | 10,0741348 
9 | 9.899418y | 9.8832974 | | '9.9261215 | 10.07387853 - - 
10 | 9.8095685 | $.85831908 9.9263778 } 10.0736222 | 50 
— } @©= — _ 
11 | 9.8097182 | 0.8830841 | 9.926634.1 | 10.0733659 | 49 
12 | 9.3098678 , 9.8829774. 9.9268904 | 10.0731096 1 48 
13 | 9.8100172 | 9.8828706 | | 9.9271466 | 10.0728534 | 47 
14 | 9.8101666 | 9.8827638 9-9274028 | 10.0725972 | 46 
r5 | 6.8103159 | 9.8826568 9.9276590 j 10.0723410 | 
cn—_ —m—_—_—_— ———— | n——_— _ 
by 9. 8104650 | 09.8825499 9:-9179152 j 10.0720848 | 44 
90.8 06141 ; 9.8824428 | 9.-9281713 | 10.0718287 | g3 
i | 9819769 Fnecd 9.9284274 | 10.0715726 | 42 
"1 0.810. 121 0.8822285 | 9.928683 5 IQ.07I3 165 | 41 
20 | 9.81 10609 | 9.882121 3 | 9.9289396 100710604 | 40 
, 9.8112096 | 9.8820140 9.9291956 | 10.0708044 þ 
[: = 0.811358; | 9.8819067 | 1 9.9294516 | 10.0705484. 38 
0.8115069 | 9.3817992 9.9297076 | 10.0702924 ! $7 
_ 9.8116554 | 9.8816918 9 9.9299636 | I0.07003G64q | 36 
25 9.811803$ | 9.8815842 9.930219 10.0697805 | 35 
T | 0.9119521 | 9.9814766 | | 9.9304755 | 10.0695245 | 34 
9.8121003 | 9.8813689 | | 9-9307314 | 10.0692686 | 33 
| 3 9.3122484 ' 9:85 12612. 9.93 09872 . 32 
29 | 0.8123965 9.8811534 | | 9.9372431 | 10,0687569 z7f 
30 | 08125444 9:8810g55 | | 9:9314989 | 12.0685011 | 30 
# Sin, 49. | Tang. 49. |'M 


XU 


BY 


1 9.8141662 


Sin, 40, 


| 9.8125444 


0.8126923 
9.812$401 
9.81 29878 
9.8131354 
9.8132829 | 


| 9.3134303 
9.8135777 
9.813 7250 
9.8138721 
9.8140192 


9.8143131 
9.8144600 
9.8 146067 \ 
9.8147534 | 


9.81 48999 
9.8150464 


pr CO IEEE IO OT EE IOIIT—O©«£ On I 


9.56810455 


90.3809376 
9.8808296 
9.8807215 
9.88061 34 
9.8805052 


9.8803970 
9.8802887 
9.8801803 
9.88007 19 
| 9.87 99634 


9.87985 48 
9.8797462 
9.8796375 
9.8795287 
9.8794199 


9.8793110 
9.8792021 


9.8151928 
9.8153391 
9.3154854 


9.8156315 
9.8157776 
9.8159235 


9.8160694. 
0.3162152 


9.8163609 
98165066 
9.81665 21 
9.8167975 


9.8790930 
9.8789840 
9.87 88748 


9.8787656 | 
9.87 86563 
9.8785470 | 
98784376 
9.8783281 


9.8781090 
9.8779994 | 


9.8; 694.25 


——_— 


9.8777799 \ 


9.8782186 | 


9.877/8896 | 


Sin. 49. | 


. 
— 


1 9.9322662 


| 99353335! 


T ang. 40, | 
9.9314989 


9.9317547 | 
9.9320105 


9.9325220 
9.9327777 


9.9330334 


— 


| 


9.9340359 | 


99343114 
9.9345670 
9.9348225 
9.93507 80 


9.9355889 
9.93584 44 
9.93 60998 
9.9363552 
9.9366105 


9.9368659 
9.9397I212 
9.9373765 
9.9376318 

9.937887 1 


9.9381423 
9.9383975 
9.9386527 
9.9389079 
9.9391631 


10.0685011 


100682453 
10.0679895 
10.0677338 
10.0674780 
10,.0672223 


1 0.0669606 
I0,0667110 


10.0664 554 
10.9661997 


100659441 


10.0656886 
10.0654330 
10.065 1775 
10.0649220 
10,0646665 


'10,0644111 


10.064.1556 
10.0639002 
10.0636445 
10.063 3 895 


10.0631341 
10.0628788 
10.0626235 
10.0623682 
10.0621129 


10.0618577 
10,0616225 
10.0613473 
10,0610921 
10,0608 369 


T ang. 49. | 


Sin. 41. | 1 ang. 41, | 
o 9.8169429 | 9.8777799 | 9.9391630 | 10.0608369 | 60 
1 | 9.8170882 | 9.2776700 9.9394182 | 10.0605818 | 59 
2 | 9.8172334 | 9.8775601 { 19.9396733 | 10.0603267 | 58, 
3 | 9.8173785 | 9.8774501 atrernef 10.9600716 57 
| 4 | 9.8175235 | 9.8773401 9.9401835 | 10.0598165 56 
| 5 | 9.3176685 | 98772300 9.9404385 | 10.9595615 | 55 
6 | 9.8178r33 | 9.8771198 | | 9.9406936 | 10.0593064 | 5.4 
| 7 | 98179581 9.8770096 9.9409486 | 10.0590F14 53 
8 | 9.8181028 | 9.8768993 | | 9.9412036 | 10.0587964 | 52 
9 | 98182674 9.8767889 | | 9.9414585 | 10.0585415 | 51 
Io | 9.8183919 | 9.8766785 9.9417135 | 10.0582865 | 59 
I1 98185364. 9.8765680 9.94.19684. | 10.0580316 as 
12 ' 9.8186807 |\-9.8764574 | | 9:9422233 | 10.9577767 | 48 
13 | 9.8188250 | 9.8763468 | 9.9424782 | 10.09575218 | 47 
[:4 ' 9.8189692 | 9.8762361 | 9.9427331 | 10.9572669 | 46 
I5 0.8191133 | 9.8761253 | 9.9429879 IQ0,OF7OI21I 45 
16 ' 9.8192573 | 9.8760145 | 9.9432428 | 10.0567572 | 44 
17 | 9.8194012 9.8759936 | | 9.9434976 | 10,0565024 | 43 
18 | 9.8195450 | 9.8757927 | | 9.9437524 | 10.0562476 | 42 
19 | 98196887 | 9.8756816 9.9440072 | 10.0559928 | g1 
20 | 9.8198325 | 9.8755706 | | 9.9442619 | 10.0557381 | 40 
1 | 9.8199761 | 9.3754594. 9.9445166 |] 10.0554834 | 39 
9.8201196 9.8753482'| |; 9.94477 14 | 10.0552286 | 38 
9.8202630 | 9.8752369 j | 9.9450261 |.10.0549739 | 37 
24. | 9.8204063 | 9.8751256 | | 9.9442807 | 10.0547193 | 36 
25 | 9.8205496 0.8750142 | 9.94553 54 1 19.9544646 | 35 
9.8206927 | 9.3749027 | | 9.9457900 | 10.0542100 | 34 
27 4 —_/ 9.8747912 | | 9.9460447 | 10.05395F3 [99 
28 | 9.8209788 © 9.8746795 9.9462993 | 10.0537007 | 32 
[29 | 9.8211217 | 9.8745679 | | 9.9465539 | 10.05 34461 31 
30 —— 9.874.4.561 _ 9.9468084 | 10.053T1916 | | 30 
Sin. 48 *t Tang. 48, ' M 


M | Sin,4l. | | 1 ang. 41. | 
30 9.8212646 | 9.8744561 | 9.9468084 10.0531G616 F392 
Ir 9.8214073 9.8743443 | | | 9.9470630 | 10.0529370 | 391 
9.8215500 9.8742325 | | 9.9473175 | 10.9526825 | 28 
AR Py | | 90473720 10.0524280 by 
9.8218351 1 9.8740085 | | 9.947 10,0521735 
5 | 98219775 9.87 33965 | [1 | 90480810  IC,ofIg1go | 25 
36 | 9.8221198 | 9.8737844 | 0.948335 | 10,0516645 } 24 
37 | 9.8222621 | 9.3736722 99485899 | IO,OFI4101 | 23 
js | 98325401 | 93914476 f==1 ioojogers [2 
39 |} 9.04254 3 | 9.94909097 | 3 
40 | 9.8226883 | | 9.873352 | | 9.949353 | 10.0506469 — 20 
+1 | 9.8228302 | 98732227 | || 0.9496075 10.9503925 I'9 
42 | 9.8229721 | 9.8731102 { | 9.9498619 | Icoget3 Eh | 18 
43 | 9.8231138 |"9.8729976 , | 9.9501162 | 10.0498838 | 17 
44 | 9.9332555 0.3728849 | T_ 10,0496295 | ” 
45 | 9:3233971 | 9.8727722 } | $.5506248 | 10.2493752 | 15 
46 | 9.8235386, 9.3726594 | 9.9508791 | 10,0491209 14} 
fone (pre | nomgne| rene 
. 2 . 9 L C - 
2 | II 
49 | 9.8239626 9.8723207 | | 99516419 | 10000991 +1 
9.8241037 q 9.8722076 9.9518961 | 10.09481039 
oo py" Ks: p_ 
JI Prager 9.0720905 _—_— nur - 
J2 | 9.02430JS | 9.07 19013 9.95 2494 1 5 
J3 pomaenrs 9.87 18682 9.9526587 10.0473413 7 
54 | 9.8246676 | 9.8717548 9.9529128 | 10.0470872 | 6 
55 | 9.8248083 99716414 9.9531670 10.0468330- 5 
56 98249699 (98715279 + aa | ore 4 
7 | 9-0250090 | 9.6714" 44 9.95 30752 | 1 
; | Ramen, | 9.8713006 | | 9.9539293 | 10.0460707 | 2 
59 | 9.8253705 \ 9.8711872. | | 9.9541834 | 10.0458166 | 1 
60 | 9.8255109 | 98710735. | | 9.9544374 | 10.0455626 © 
Sin, 48, | | > T ang. 48. | M + 


Sin. 42. T ang. 42. 3s 

o 98255109 | 9.8710735 | | 9.9544374 | 10.0455626 | 60 
I | 9.8256512 | 95799597 | = 10,045 3085 | 59] 
2 | 9.8257913 | 9.8708458 | | 9.9549455 | 10.0450545 | 58 
3 | 98259314 | 98707319 | | 9.9551995 |! 10.04480955 | 57 

| 4 | 9.8260715 | 9.8706179 | | 9.954535 | 10.0445465 | 56 
5 | 98262114 | 9.8705939 9.9557075 | 10.0442925 [55 

6 | 9.8263512 ! 9.8703898 | | 9.9559615 | 10.0440285 

7 | 9.8264910 9.8702756 9.9502154 | 10.04.37846 F3 
8 | 98266307 9.8701613 | | 9.9564693 | 10.0435307 52 
| 9.8267703 | 9.8700470 9.9567233 , 10.0432767 " 

10 | (S2cdded 9.38699326 | | 9.9569772 | 10.04.30228 50 
OE  — —  — | TOE 

I ©” | Bron 08698182 | 9.9572311 | 10.0427689 | 49 
tz | 9.8271887 | 9.8697037 | | 99574850 | 10.0425150 | 48 
13 98273279 | 98695891 t 9.957389 | 10.0422611 | 4, 
I4 | 9.8274671 | 9.86947 44 9.9579927 10.9420073 | 46 
r5 9.8276063 | 9.8693597 ii 9.95 82465 | 10.0417535 | 45 
| GEORGES omg — — 

16 | | 98277453 ples | 9.9589004 100404096 | 

['7 | 9.8278843 | 9:8691301 | | 9.9587542 | 10.0412458 | 43 
18 | 9.8280231 | 9.8690152 9.9590080 | 10.0409920 42 
19 1 9:82$1619 | 9.8689002 | | 9.9592618 | 10.0407 382 | 41 
20 | 9.8283006 | 9.8687851 ate in 10.0404845 | 40 
21 | 9.8284393 | 9.8686700 mee 10.0402307 | 39 
22 | 98285778 | 9.8685548 | | 99600230 | 10.0399770 | 38 
23 pare aac} 9.8684396 | | 9.9602767 | 10.0397233 | 37 
24 | 9.8288547 | 9.8683 242 | 9.9505 305 | 10.0394695 | 36 
25 ] 9-3289930 | 9.8682088 | 9.9607842 * 10,0392158 | z5 
26 | 9.8291312  9.8680934 | | 9.9610378 | 10.0389622 34. 
27 | 98292694 | 9.8679779 | | 9.961291 | 100387085 | 33 
28 9.8294075 | 9.8678623 | | 9.9615452 | 10.0384548 | 32 
29 | 9.8295454 | 98677466 | | 9.961798 100382012 | 31þ 

ph 9:3296833 | 9.8676309 [= 10,0379475 | 3 
BY | Sin. 47 Tang.47. | M 


T 
Y Tang. 42. he 
1900s BE: thn? 5 
M | | Sin. 42, — 9.9620525 | 10.937947 Im; 
T0 | 08206833 | 9.6675309 — 29 
30 | 9.8296833 p_ 9:9623061 | 41 hd Bo. 28 
"+ | 98298212 | 9.3675151 | | 99625597 100371867 | 27 
3 0.3299589 8672833 9630669 | 10. 66796 | 25} 
32 9.8300966 —— 9. 9633204 | 10.03 - 
33 9.8302342 "a 12 | LIES 64260 | 24 
4- | 9.8303717 — 9.9635740 iadryas wh 
35 98669357 | 9.9638275 0.0359189 | 2 
17 | 98306464 | 9.8667026 NT Darth | 2d 
4 9.8307837 9.8665863 9645881 | 1. —f 
39 rats | 95664699 | _—_ avctitbnd 
9.8310 9.9648416 0349049 
;nt | 8221050 | 98663534 | 9.965095! g0655 «(Þ 
I 9.33 I 195 9.8662369 | 9.965 3486 15343980 I 
+ f 9.8313320 9.38661202 9656020 | IO.C 41445 I3 
0 oo rn 0.965855 001% 14 
5.83160 865886 : 8911 
bo. 15 conc ai aſs 9.9661089 En "7 
= | 8g | 9.8657700 9.9663623 10.0333843 11 
6 | 98318789 Sore: | FI 0.031308 | 11 
47 | 9.8320155 9.8655362 9668692 | 10. 28775 | 10 
47 9.8321519 9.8654192 ons | IO.03 ad 
4 | 9.832288; 9.8653021 | | 9. 0326241 | 9 
= | 9.8324246 TE. | | 9:-9673759 29700 k 
5 9.865 1849 | 9.9676293 0,0321173 4 
70 [ETD | ates 9.9678827 aperM6e6 
52  oalger ary or 100316197 | 3 
| 9.53 9.36483 968389 [ TY 
F3 $329691 156 9. | 4 
9.93 .8647 ——— 73 
2 | 98331050 a 686427 | moe 4bet hl 3 
55 $1 | 9.9 0 | 10.03 2 
| 8] 9.86459 9.968896 10,0303507 
56 | 9.333240 8644806 9691493 | 10. 05974 | 7 
5” | 08333766 >8643629 | | 9. 11 $rnry ear df 
- 197 Tagtha A BGa2492 Koper mc 10,030344 þ 20 
58 9.83 36478 08641275 7 7. 1M 
32 | .9.8337833 [9 Til. 1 Tas 
SD Foe Mmmm 


F 
EY 
, . 


TM | Tin 43: Tang. 43, = 
o | 98337833 ! 9.8641275 | | 9.9696559 | 10.0303441 60 
1 1 9.8339188 9.3640096 | 9.9699091 I 0.03 00909 59] 
2 | $.8340541 , 9.3638917 9.9701624 ) 10.0298376 | 58 
3 | 9.8341894 | 9.3637737 | } 9.9704157 | 10.9295843 | 57 
| 4 | 98343246 9.8636557 | - 9.9706689 | ugap gan) | 56 
''5 | 9.8344597 * 9.5635376 | 9.9709221 | 10.0290779 | 55 
- 6 | 9.8345948 , 9.3634194 | | 9.9711754 | 19,0288246 | 54 
0.8347297 | 9.8633011 9.97 14287 \ 10.0285713 | 53 
| 8 S | 9.8348646 | 9.863828 | |; 9.9716818 | 10.0283182 | 52 
9 | 9.8349994 * 9.3630644 9.9719351 | 10.0280659 | 51 
Io | 9.8351341 | | 9.8629460 9.9721882 |; 10,0278118 50 
— | 1 'o- | 604-0] & reac rmmmnare of] EE 
1 | 9.8352688 9.3628274 9.9724413 | 10.02 275587 | 49 
0.8354032 , 9.8627088 |. | 9.9726945 | 10.0273055 | 48 
D | 9.3355378 | 9.8625992 | , 9.9729477 | 10.0270523 | 47 
l | 9.3356722 | 9.8624714 9.9732008 | 10.0267992 | 46 
9.33 58066 | 9.8623526 | 9.97 34539 | r0.0265461 4] 
6 0.8359408 9.8622338 | 9.9737071 | 10.0262929 , 44 
[7 9.$360750 | 9.8621148 9-97 39602 | 10.0260398 | 43 
18 | 9.8362091 | 9.8619958 * | 9.9742133 | 10.0257867 | 42 
9.8363431 | 9.861 8767 9.9744664. | 10.9255336 | 41 
20 | 9:8364777 | 9.8617576 | | 9.9747195 | 10.0252805 | 40 
9.8366109 | 9. $616383 9.9749726 | 10.0250274 |, 39 
+2 | 08367447 0.8615190 | ! 9.9752257 | 10.0247743 | 38 
0.8368784 | 9.8613997 | | 9.9754787 } 10.0245213 | 37 
: 24 | 9.8370121 | 9.8612803 9.9757318 | 10.0242682 | 36 
| 25 9.8371456 prn__. anda 10,02401FI 35 
| :9.8372791 (ev rg | 9.9762379 10.0237621 34 
- | 0.8374125. | 9.860g315 | 9.97 64909 | 10.023JOg91 { 33 
| 9. $375458 | 9.8608018 9.97 67440 | 10,0232560 | 32 - 
: 9 | 98376790 90.860682r | | 9.9769970 | 10.0230030 | 31] 
430 0:8378122 1 9.8605622 1 | 9.9772500 | IC as Cond 30 
F | | Sin,46. | | L | Tang. 46. 46. M | 
| 


—C— —— 1 * T ang. 43, 
| ., 3, C—— — 
| Sin + D | — | 'Iro 0227500 JO 
9.8378122 | 9.5605622 | | 9-9772500 b PTL: 
os | 9.9775030 | 10.0224970 | 29 
| 9.8379453 1 9.500 1423 p48 10.0222440 28 
9.8380783 9.060320 9.9780090 | 10.0219910 | 27 
98382112 OO | 9.9782620 | 10,0217380 | 26 
93384709 | 9599619 | | 99785145 [ oaredef 17 
. T 
wh Tn 9787679 | 10.0212321 | 24 
tron | others | (ot [ene | 
9.8337422 | 9-5 8 | 10.0207262 | 2 
9.8388747 | 9.859600g [99792738 10,0204732 | 21 
9819159 58593599 9.979797 | 10.0202203 | 29 
| 9.8391 396 9.059 "Sq "EST 
ah <5'Þ pag .9800326 .| 10.0199674 | 19 
9.8392719 95592393 NG | 10.0197 144 18 
9.383 94041 + er 9.9805 385 | 10.01 946 - 5 « 
9.8395363 | 9. 10,2192086 
ons | eetrjar | | ao8rom | 1o0189557/|1 
9.8 398004. | 9- | _ 
EE 0812972 | 10.0187028 | 14 
9.8399323 | 93586351 ay" wet 10.0184499 | 13 
9.8400642 | 9.3585141 a.” ont Frapet ence] 1h 
| 98401959 | 98583929 | |'9 $20559hg0.0179441 | 11 
41 ,09th 5.982308 WÞ.0176913 | 10 
9.8404593 | 9. : | —_ 
yr ; 0825616 | 10.9174384 | 9 
9.8405 908 | I CO, | r0,0171855 | 8 
0.3407223 | 9:557907 ofle0677 10.0169327 | 7 
9.84085 37 iy = $33202 | 10.0166798 | 6 
9. ; 2 
Rona | 98575432 | 19.9855730 | 100164270 | 5 
jt 526 00838259 | 10.0151741 + 
| 98412474 90574315 qe ph t0.0159213 | '3J = 
0.8413785 | 9.857299 20843315 10.0156685 | 2 
9.8415095 | 9.8571779 ys [IoD154156 | 1 
9.8416404 9.557056 3.98483 72 , IC.O15 1628 j- 
tat 9.856934 T | - po 
——— - 40, { 
Sin. a. © T anc SIE 
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1M; Sin, 44. 


| 


| 
F 
1 


Ea 


Lond 
Oo © coW Q 


-þ 
by me 


2 | 


24 


26 
27 
28 | 
29 


Zo 


9.8419021 
9.8420328 
9.8421634. 
9. 2422939 
9.8424244. 


9. 8425548 
9.842685 1 
9.8428154 
9.3429456 
9.8430757 


 9.8432057 
9.8433356 


9.3434655 
9.8435953 


| 


| 


o 98417713 | 9.8569341 | 


9.8568121 
9.8566900 
9,.8565678 
9.8564455 
9.8563232 


9.8562008 
9.8560784. 
9.8559558 
9.8558332 
9.8557106 


9.3555878 


9.35 54650 


' 9.8553421 


90.8552192 


9.8438547 | 9.8549730 
9.8439842 | 9.8548499 
9.8441137 | 9.8547266 


9. 8445018 + OP 


9.84463 10” 
9.3447601 


| 


9.854232 
9.8541093 


8891 | 9.85 39856 


0.8450181 


9.8451470 
9.8452758 
9.8454045 
9.8455332 
88456618 


| 


9.85 38619 | 


9.8537381 | 


9.85 36142 
9.85 34902 
9.85 33662 
9.85 32421 


Sin. 45. 


A 
| hu— — 


| 


9.8437250 | 9.85 50961 | 
l 


| 


l 


x 


| 


| 
| 


| 


| 


T avg. 44. 
9.9848372 


9.985 0900 
9.985 3428 
9.985 5956 
9.985 8484. 


| 9.9861012 


9.9863 540 
9.9866068 
9.9863596 
9.9871123 
9.987 3651 


9.9876179 
9.9878706 
9.9881234 
9.9833761 
9.9886289 


1 9.0988816 


9.9891 344 
9.9893 871 
9.9896399 
9.9898926 
9.9901453 
9.990398 ! 
9.9906598 
9.9909035 
9.991 1562 


9.991403g 
9.9916616 
9.9919143 
9.9921670 
9.9924197 


| 10,0146572 


' 10.0138988 


—____ a 


I0.0151628 | 60 


10.0149100 | 59 

58, 
57 
56 
J5 


I0.,0144044. 
IO.0141516 


10.0136460 | 54 
10.0133932 | 53 
I0,0131404 52 
10,0128877 | 

100126349 go 


10,0123821 
10.9121294. 
I0.0118766 
10,0116239 
IO.0113711 
10.0111184. 
10,0108656 43 
IC,0106129 
I0.0103601 
I0,0101074. 


49 
= 


46 
45 


41 
40 


10.0098547 
I0,0096019 
10.0093492 


IC,2090965 
I0,0088438 


10,0085911 
10.0083 384 
10.0080857 
10,0078330 
10.0075863 


+ 


4 
30 
T ang. 45. | M 


di 
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h— 
—— — 
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| 
| 


47 
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bo 9.8482180 


| 


| 


Sin, 44. 
9.8456618 | 


9.8457903 | 9.8531178 
9.8459187 Fr 9.8529936 
9.846047 1 } 9.8528693 
9.8461754 | 9: >8527440 


9.85 32420 


— —— 


35 | 9.8463036 1 g9.8526204. 


36 0.8464317 | 9.3524958 


0.8465598 | 9.8523712 
9.846687$ | 9.8522465 
9.8468157 | 9.8521218 
9.8469436 | 9.85 19969 


9.8471991 | 9.8517471 
0.8473267 | 9.8516220 
9.8474542 | 9.3514969 
9.8475817 | 9.8513717 


9.847071 3 | 9.8518720 


9.35 12464. 
9.8511211 
9.8509957 
9.8508701 
9.8507446 


9.8477091 
9.847 8364 
9.8479637 
9.3480909 | 


FI | 9.8483450, 9.8506190 
52 | 9.8484720 | 9.850493 3 
53 | 9.8485988 | 9.8503675 


| 


9.8487257 | 9.5502416 
9.8488524 | 9.8501157 
| 
0.8489790 | 9.8499897 
9.8491056 | 9.8498636 
9.8492221 | 9.8497375 
9.8493586 | 9.8496113 
9.849450 | 9.8494850 


| Sin, 45» 


| 


| 


9.9939359 | 10.006064.1 


1 ang. 44. 


9.9924197 


9.9926724 
9.992925 1 
9.9931778 
9.9934305 
9.9936832 


9.994.1886 


| 9.9944412 


9:9940939 


9-995 1993 
9.995 4520 
9.9957047 
9.9959573 


| 9.9902100 | 


9.9964627 
9.9967153 
9.9969680 
9.997 2207 


9.9979787 
9.9982312 
9.9984840 


9.9989893 


9.9994946 


9.999747 3 
I 0, 0000000 


9:9949466 | 10.0050533 | 


9.9992420. 


9.9974733 | 10.0025 266 


| | 0.097260 9.9977260 10.0022739 


| 


' 9.9987 367 | 10.0012633 
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10.0075802 | 


10.0073275 | 


10,9070748 
10.0068221 


I 0,0065 694. 
10,0063 167 


10.0058114. 


10.9055587 | 
10.005 3060 


10.0048006 | 
10.0045489 
10,0042953 
10,0040426 
10,0037899 | 


10.0035373 
10,0032846 | 
10.0030319 
10.0027793 


——— —— 


10.002021 3 
10.0017686 
10,.0015159 


——_— 
m—_—_— 


—— 
10.0010106 
I 0.0007579 
I0,00050F3 
10.0002526 


10,00000g0 
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T ang. 45. 1h 
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Le&ori prafticz Matheſeos ſtudiolo, S.P, 


ennderm quem tabulc Sinuum retterum & Tangentium ab alits 

edite, ſed praxin panlo faciliorem; Nam eorwm multiplicationens 
ptr additionem, & divifionem per ſubtraftionem & extraftionem radicus 
quadrate per bipartitioners evitamm. 


(; ANON mifter nſum habet in Triangulorum ſphericorum ſo/ntione, 


Ut fi datis tribus lateribus queratir angulm, erit 


Ut Reftangulnm ſub finibua crurum, 
ad quadratur Radii; 
Ita Reiangulnm fſwb ſinibus ſemiſumme trinm laterum, & differentie 
:inter banc ſemiſummanm & Baſin, 
Hd quadratum Co- fin ſemianguli que/iti. 


"Ut in Triangulo PZS, (referente Polum, Zenith & Solem) datu 
lateribuu, P S gr. 70, & Z P gr. 38, m. 30, & Z Ser. 40, fiqueratur 
avgnlu P Z $, cnjus Baſis ef P S : ſumma laterumerit gr, 148, wm. 30, 
ſemiſnmma gr. 74 m. 15) differentia inter ſemiſumman & baſin, gr. 4, 
m.15. 

Hic nos pro quadrato Radii ponimns 2.00000000 Radii dup/am, cui 

addin 9.9833805 Sinum gr, 74, mig, 
8. 8698679 Sinum gr. 4, Mm. 14, fient 
38.8532484. Deinde pro reflangulo divi- 
2 ſore addentes 9.7941495 Sinum gr. 38, m, 


30, & 9g.8080675 Sinwm gr: 40 facimus 
LL 19.6022170, & anferimwe 38.35 32484, 
p K P ita reftant 19.2510314. Hoarum ſemiſſis 


ef 9.6155157 Sinu ſemiangnli externi gr. 
24, m.38, {.24: & Co ſinus ſemianguli in- 
% terni gr. 65, m1, {.36, & proinde totms 
angio[tes quaſitiu oft gr. 130, my 3, {. 12. 
| Quod 


HM 


Quid fi qu pro Sinibus auferendis addat torum complementa ad Ra» 
dinm, non alia indigebit {ubtractione ; ut patere poteſt ex collatione wirinſ, 


Praxeuse 

Gr. M., 

70 co 20.000@CCO 

38 39 9.7941495 2058505 


40 ©0 9.80980675 1919325 


>——— —H 


148 30 19.6022170 


74 15 9.9833805 9.9833805 
04 Is5 3.8698679 8.8698679 
20, 0000900 
38.85 32484 
Gr. M.S. 19.2510314 Gr. M. S. ' I9,2510314 
24 53 24 9.6255157 65 1 36 g9.6255157 
49 56 48 130 3 12 


Eadem ratione, ſed m4jori compendio ſoluuntur cttera que queri ſolent 
in Trianguli ſphericis, ſine ope Secantium aut Sinunm verſorum, ut pluri- 
bus non fit opus ant Re ant exemplis. 

Idews ſi deſideres in Triangul#« reftilinets, adjunge noſtris Amici of Col- 

' lege Henrici Brigii Logarithmos, Nam to nitimur fundamento, eodens 
wtimur operandi modo. 

Vale, & ſihac tibi grata fnerint, plura 4 nobis in hoc genere expe, 


FINIS. 


_ 


— 


TEN CHILIADES 


LOGARITHMS 


of Abſolute Numbers, from an 
Unite to Ten thouſand. 


—"_ _— th. 


The Uſe of the Canon. 


His Canon hath like uſe as the Tables of Right Sines and Tan- 

gents ſer forch » irq but the Pratice ſomewhat more eaſe. 

For keeping to their Rules, and working by cheſe Tables, you 

may uſe Addicion inſtead of cheir Multiplication, and SubtraRtion in- 

ſtead of their Diviſion: And ſo reſolve all Spherical Triangles wichouc 
the help of Secants or Verſed Sines, | 

The like may be done for the Solution of right-lined Triangles, by 

help of the Logarichms of my old Collegue and worthy Friend Mr. Henry 

Brigg! (xo000 whereof follow.)For both proceed from the ſame ground, 

and fo require the ſame manner ef work, as I ofcen ſhew in my publick 


LeRures in Greſham-Colege : Where I reſt a Friend to all tha are ſtu- 


» diousof Mathematical PraRice, 


% 


E.G. 


Num | Logarithn, | Num | Logerithm, | Num.| Logarithm {| Num.| Logariims. 
1[0.9000000  36|[1,5563025 | 7111.851258z3 | 106|2.0253058 
* 2/0.3010300 3711.5682017 j 72[1.8573325 } 10712.0293838 
310.4771212 | 3811.5797836]| 731[1.8633228| 108]2.0334237 
4]9-6020600 | 39 1.5910646 1 74\1.8692317 | 1091219374265 
510.6989700 40|1.6020600 75 we4 400M8 I10]2.941 3927 
610.7781512| 41]1.6127838 | 761[1.8808136j 111[2.945323 
719.3450980 | 4211-6232493 77|1.8864907 | 11212.0492180 
| $0.9030900 4311.63 34684 7811.8920946 1 11312.9530784 
9 .0.9542425 | 44116434527 79|1.8976271 | 114|2.9569048 
10|[1.0900000 } 4511.6532125 | 80[1.9030900 | 115]2.2606978 
— —_—— «HY — | 
1111.0413927 | 4611.6627578 | B111.9084850 | 11612.9644580 
12(1.0791812 | 47[1.6720978 | 8211.39138138 | 117[2.0681858 
13[1.1139433 | 48|1.6812412 | $83]1.91907$1 | 118[2.9718820 
| 14 1.1461280 49] 1.6901961 8411.9242793 | 11912.9755469 
«| 066i 5011.6989700 | B8511.9294189 | 12012.0791812 
1611.2041200 | F1[1.7075702 | 8611.9344984 | 121]2.95827854 
17j1.2304489 | $21.7160033 | 871.9395 192 | 12212.9563598 
1$\1.2552725 |  5311-7242759 8811.9444827 j 12312-0899051 
1911.2787536| $411-7323937 | $9[1.9493900 | 124[2.0934217 
20] 1.2010300 5F11.7403627 90[1.9542425 | 125[2.0969100 
| 21;1.3222193 5611.7481880 9117.9590414 | 126 2.1003705] 
22(1.3424227 5711.7558748 | 92[1.9637878 | 127[2.1038037 
2311.3617278 5811.7634280 | 93 19684829 128|2.1072099 
24|1.3802112 | 5og[1.7708520! 941[1.9731278 | 129|2.1105897 
2511-3979400 60;1.7781512 95 —_ I30{2.1139433 
2611.4149733 61]1.7853298 9611.9822712 | 131]2.117271 
27 14313637 6211.7923917 9711.9867717 132]212057Hþ 
2811.4471580 63{1.7993405 98;1.99122614 133{2.1238576 
2911.4623930 64[1.8061800 _ 134 2.1271g48| 
3011.4771212 6511,$129133 | 100[2.06000000 1} 13512.1303337 
3111.4913627 6611.9195439 | 1or(4,0043213 | 136 2.1335389 
32[1.5051500} 6711.,$260748 | 102]2,0086002 | 137][2,1367205 
*-33h1.5185139| 68|1.8325089 | 103 2.9128372] 138]2.1398791]|, 
34\1.5314789 69\1.$388491 ! 10412.0170333 | 139[2,7430148 
3511.5440680 | 7011.8450980 10512,0211893 | 14012,1461230 


Nannn 


| Num. Logarithm. 


Logarithm, 


Logarichm ; 


Num. j Logarithm.. Num. Num 

141 |2.1492191 176'2,2455126 | 211[2.3242824 | 240[2.3909351 
14212.1522883 j 177|2.2479732 | 212]2.3263358 ; 247[2.3926969 
l. I4.312.1553360 178|2.2504200 213 23285796 | 248 2.3944517 
i 144|2.1583625 | 179|[2.2528530| 214|2-3304138 | 249[2+}961993 
145|2.1613680 | 180]2.2552725, 2151[2.3324384] 2501[2.3979400 

| 14612.1643528] 181 — 21612.3344537z 25112+-3996737 
14712.1673173 | 18212.2600714 | 217[2.3364597 | 252[2-4014005 
148|2,1702617 1 183[2.2624511 | 21812.3384565 | 253[2-4031205 

| 149/2.1731862 | 184/2,2648178 | 219[2.3404441 | 254[2-4048337 
150|2.1760912 | 18512.2671717 | 220[2.3424226 | 255]2.4065402 

, 15112.,1789769 | 18612.:2695129 | 22112.3443923 | 256 ecbaton! 
15212.1818436 j 187j2.2718415| 22212.3463530] 25712.4999331 
153[2.1846914 | 188]|2. ec] 223(2.34839048 | 25d|2.4116157 
154|2.1875207 | 189 2.2764618, 224[2.3502480 | 259|2+4132997 

f IFF|2.1903317 | 19012. | 225 2,3521825 260[2« {149733 
156]2,1931246 | 19112.2810333 | 226[2.3541084 | 261 2.416405 
I57|2.1958996 | 19212.2233012 {| 227[2.3560258 | 262[2,4183013 
15812.1986571 5 19312.2855573 | 22812.3579348 | 26312.4199557 
159/2.2013971 | 194|2.2878017 | 229|2.3598355 | 264124216039] 
160|2,2041200 | 19512.2900346 | . 230 2.3617278 | 26512.4232459 
 16112.2068258 196/2,2922561 | 23112.3636120 | 26612.4248816 
162|2.2095150 } 197|2.2944662 | 232|2.3654880 | 267(2.4265112 

| 16312.2121876 | 19812,2966652 233|2.3673559 | 268|2.4281348 
164 2.2148438 | 199\2.2988531 234/2.3692158 269[2.4297523 
' 16512.2174839 | 20042.3010300 23512-3710678\ 270 2.4313637] 
| 166|2.2201081 | 201|2.3031969 | 236 23729120] 27112.4329693 
167 2.2227164 | 20212.3053513 | 23712.3747483 | 272[2.4345689 
|-168/2.2253003 20342.3074960 | 238:2.3765770 , 27312.4361626 
16912. 2278867 204|2.3096301 | 239123783979 | 27412-4377505 
17012.2304489 205|2.3117538| 240[2.3802112 | 275[2.4393327 
17112.2329961 | 20612.3138672 | 24112.3820170| 27612.4409091 
172|2.2355284 | 20712.3159703 | 242 2.3838153 | 27712.4424797 

| 17312.2380461 | 20812.3180633 | 24312.3856063 278[2.4440448 
17412.2405492 | 20912.3201463 | 244|2.3873898 | 27912.4456042 
175'2.24392380 | ' 21012.3222193 | ' 245 2.3891660 | 280 2.4471580 


Num | Legarithn. Num | Logari5hm. um.\ Logarithm. | Num.) Lagarinibm, | 
"281 12.4487063 316[2.4990871 | '3511]2.5453071 | 386 2.5865873 
28212.4502491 | 317]2.5010593 | 352 2.5465 426 | 38712.5877110 
2$3|2.4517864 | 318|2.5024271 | 353]2-5477747 | 388[2.5838317 
284|2.4533183 | 319|.5937997 | 354175490033 389|2.5899496 
28512. 1548445 nn 5051500 | 355 [?-5502283 39012.5910646 

—  - - — —  —— 

| 286 2:4363669 | 321]2.5065050 | 356]?.5514500 | 391 [2.5921767 
287|2.457 8319 | 3222. 5978559 | 357|2-5526682 | 392[2.5932861 
288\-.4593925 | 323125092025 | 358,2.5538830! 393[2-5943925 
289\2.4608978 | 324|2.5105450 | 3591?-3559944 | 394 2.35 954962 

| 2937. 1623980 | 325 2.511883z3 } 36012.5563025] 395[2.5965971 
© cr 326] *.5132176 | 361|2.5575072 | 396[2.5976952 
202(2.4653828 | 327|2-5145477 | 362|"-5587086 j 397 2.5987g05 

2932. 4668676 | 328].5158738 | 3932-5 599060 398[2.5998831 
294]; , 4683473 32g 2.5 171959 364|2.,5611014 1} 399 2,6009729 
29512.4698220 | 3350 25185139 | 3651?.5622929 | 400 2.602060) 

Leen Y ——— coco | ——] c-— c—— 4 
| 296|2.4712917 | 337 >.5198280 | 366|7.5634810 | 49112.6031444 

297|2.4727564 | 332 2.5211381 | 36712.5546661 | 40212.6042260 
299\2,4742162 | 33312-5224442 | 365 2.5958478 j 403 2.6053050 
299|2.4756712 | 334]2.5237464 | 369[2.5970203 | 4% 2,6063813 
300|2.4771212 | 33513.5250448 | 370[2.5082017 | 405 2.6074550 
zorl2,4785665 | 336|2.5263393 | 3711?-5093739 40612.6085 260 
302|2,4800069 | 337|?-5276299 | 3721?.J7 05429 | 497 2.6095944 
303|+.4814426 338|2.5289167 ] 373125717088 408}2,6106602 
304[2,4828736 | 339|2-5301997 | 374 2,5728716 409 2.611723} 

| 30511,4842998 | 3495314799 | 37517-5749313 $1012S127G38 

. 3 06| 2.4857214 | 341]*-5327544 | 370 2,5751878 | 412]2 6138418 
307] 2.4871384 | ”” 2.5 340261 | 377] +5763413 | 41212. 6148972 

| 30812.4885507 | 34317-5352941 3782.57 74915 41312.6159500 
309 2.4899585 + 344 2.5365584 37 2.5786392 | 414{2 6170003 
310{2,4913617 | 355 2.5378191 1 380 2.57978361 415|2.61804$1 
| 121[2:4027604 3461 2,5 390761 381 2.5809250 4106,;2.6190932 | 
312|r,4941546, 347 2.540329) | 3$2/2.5820634 417]2,6201360 
31312,4955443 348 2.5415792 383 2.583 1988 418|[2,62117 tor 
| 314|2.4969296 | 349] 7.5425254 384} 2.5843312 41912. 6222140 
315|2.4983105 | 35912.5440650 | 385]2.5854607 | _420'2.6232493 
wT" Nunnn 3 | 


- 


Num. Logariehm. | Num. Logerizhm. | Num.j Logarithm, | Num.j Logarithm. | 
42112.0242821 | 456[2.6589648 | 491[2.6910815 | 5261]2.7209857 
422[2.62531241 45712.5599162 | 492|2.6g'g651 3 $2712.7218106 
4231]2.6263403 | 4581]2.6608655 | 493 26928409 | $2812.7226339 
42412.6273657 | 459[2.6618127 | 494[2.6937269| 5291247234557 

25 |2.6283889 | 460]2.6627578 | 495]2.6946052 | 53012.7242759 
4.26|2.6294096 | 461[2,5637009 | 496[2.6954817 j F31 27250945 
42712.5304279 | 46212.66046420 ] 497 2.6963564 532]2.72591 16 

 423[2.6314438 | 46312.6655810| 49812.6972293 | 533[2-7267272 
429[2.6324573 | 464 2.6665180 | 499|2.6981005 | 534247275412 
wit 2.6334684 | 465 |2.6674529 | 500[2.6989700 | 535[2e072835 38, 
43112.6344773 | 46612.6683859 | 50112.6998377 | 5361257291648 
432[2.6354837 j 467[2.6693169 | 502[2.7007037 | 53712.7299743 
43312.5364879 | - 468[2.6702458 | 503[2.7015680 | 538[2.,7307823 
. 434[2.6374897 | 46912.6711728 | 504[2.7024305 | 539[2.7315888 

435 2,5384892 | 47012.6720978 | 50512.7032914 | $4012.7323937 
4.3612.6394865 | 47112.6730209 | 506[2.7041505 | $4112.7331973 
43712.640;814 | 4721]2.5739420 | 507]2.7050079 | 54212.7339993 
43812.6414741 | 473146748611 | 50812.7058637 | 54312-7347998 
439|2.6424645 | 474[2-6757783 j 50912.7067178 j 54412.7355989 
440125434527 | 475 = 510[2.7075702 | 45512-7363965 
441125444386 | 476j2.5776069 | 51112.7084209 $4612:7371926 

| 442[2,6454223 | 4772-6785184 | 51212.7092699 | 547|2.7379873 
44312.5464037 | 478[2.6794279 | 513[2.7101174 j 548[2.7387805 
444/275473830 | 479]2.6803355 | 514/2.7109631 | 549[2.7395723 
44512.5483600 | 480{2.6812412 | 51512.7118072 | 550ſ2.7403627 

| 44612.6493348 | 481]2.6821451 | 516[2.7126497 | 55112.7411516 
447|2.6503075 | 482|2.6830470 | 517]2.7134905 | 55212.7419391 
448{2.6512780 | 48312.6839471 | 518;2.7143297 5$312-7427251 

| 44912.6522463 | 484[2.6848453 519/2.7151673 55412.7435098 

| 450[2.6532125 | 485[2.6857417 | 520[2.7160033 | 555 2.7442930, 
45142.6541765 | 486!2.6866363 | 521j2.7168377 | 556 2.7450748| 

- 452[2.6551384q 487|2.6275289 | 522[2.7176705 j, 557[2-7458552 
453|2.6560982 | 488|2.68841985 523[2.7185017 | 558[2,7466342 
454|2.6570558 | 489[2.6893088 | 52412.7193313 | 55912.7474118 
455'2.6580114 | 49012.5901961{ 525!2.7201593 | 56012.7481380 


Num.j Logerithm. Num.j Logerithm. | Num.j Logerithm, Nam. |-Logarithm. 
56112.7489028 | 596[2.7752462 | 631 by .80002g3 | 66612.8234742 
5$62|2.7497363 |. 59712.7759743 | 632[2.8007171 } 66712.8241258 
56312.7505984 | 598[2.7767012 | 633|2.8014037 | 668 y whe : 
564[2«7512791 | 59912.7774268 | 634|2.8020892 | 669[2.8254261 
555|2.7520484 | 600[2.7781512 | 635]2.8027737 | 67012.3260748 
566| 2.7528164 \hou 2.77 88745 636 2.8034571 | 671[2.8267225 
567|2-7535830 | 60212.7795965 | 637]2,8041394 | 67212.8273693 
568[2.7543483 L-603[2,7803173 | 63812.8048206 | 673 wont 
569[2-7551123 | 604[2.7810369 | 639|2.8055008 j 674|2.8286599 
570|2.7558748 605]2.7817554 640|2,8061800 | 675]2.8293038 
571J2-7566361 60612.7824726 | 641[2,8068580 67612. 8299467 
57212-7573960 | 607 2.7831887 | 642/2,8075350 | 677|2.8305887 
57312-7581546 | 608/2.7839036| 643]2.8082110 | 678[2.8312297 
57412-7589119 609/2.7846173 644|2.8088859 | 679/2.33 18698 
57312-7596678 61012, . 64512.3095597 [ 68012.8325089 
57612.7604225 | G11 2,7860412 | 646[2.8102325 | 681]2.8331471 | 
577[2.76117 IH 612|2.7867514 | 647]2.8109043 682(2.8337844 
57812.7619278 | 61312.7874605 | 648j2,8115750 | 683 F: $344207 
5791 2.7626785 | 61412.7881684 | -649 2.8122447 y 684[2.8350561 
530[2.7634280 | 615]2.7888751 | 650]2.$12913z3 | 685]2.83 56906 
5$112.7641761 61612.7895807 | 65142.8135810 686128363241 
58212.7649230 j 61712.7902851 | 65212.8142476| 687|2.8369567 
583|[2.7656685 | 618]2.7909885 | 653|2.8149132 | 688|2.8375884 
5$4{2.7664128 | 61912.7916906 | 654|2.8155777 | 689[2.8382192 
58512.7671558, 62012.7923917 65512.8162413 | 690j2.8388491 

586 2.7678976 | 621 2.7930916 656[2.2169038 | 691 2.8394780 
587|2.7686384| 02212.7937904 | 657012.8172654 | 692[2.8401061 
58812.7693773 1 62312.7944880 | 658;2.8182259 69312.8407332 
589[2.7701153 | 624 2.795 1846 | 659|2.8188854 } 694|2.8413595 
590[2.7708520 | 625][2.7958800 | 660[2. 8195439 | 695 2.8410848, 
59112-7715875 | 62612.7965743 61/2 .$202014 | 696{2.8426092 
592|2.7723217 3 62712.7972675 | 662]2 8208580 | 69312.8432328 
59312-7730547 | 628[2.7979596 j-.663]2.8215135| 698]2.84385 54, 
594[2.7737854 | 629[2.7986506 | 1 664|2 8221681 | %9 69912.8444772; 
595'2.7745169 i 630'2,7993405 .$82282161 70012, 8450980] 


- o 


Num; Loggrrabm.. | Nam | Logeriibm. | Num] Togerithm. | Num. | Logarichm. | 
701 2.545718 | 736[3-5668778 | 77112,8570544 | 80612,9963350 
702[2.$463371 | 737128674675 | 772 2.8876170j 80712.9968735 

* | 70312.8469553 | 735]2.8580364 | 773 2.8881795 | 808 2.997411 
704[2.$475726 1 739138686444 | 774[2.8887410} Bog '.9079;85 
70512.8481891 740|2.8692317 775,2-3893017 | 810[2.908485” 
em——n  — — — 2 HERES, WEWED 97 
70612.3488047 | 741 +.B698182 | 776|2.09898617 | $11 rene 
| 707 2.8494194 | 742|3.8704039 | 77712.8904210| $12 7-9995$6<| 
{ 708[2.85003 32 74323709858 778]2.8909796 | 81312.9100905 
709[2.8506462 | 744|2.8715729 | 779|2.3915374 | 814j2.910624 
' 710[2.$8512583 | 745]2.8721563 | 780|2.8920946 | 815|2.9111576 
| 71112.85 18696 746|2.8727388 | 781|7.3926510 | 81612.9116901 
| 712[2.$524800 1 74712.8733206 | 782|2.8932067 | 817|2.9122220| 

713|2.$530895 | 748|2.87390161 783|2.8937618 | 818{[2.9127533 
714\2.3536982 | 749|2.8744818 | 784j2:39431611 B19 29132839] 

715 2.3543060 75012.8750613 785128948696 | 820|2.9138138 
716\2.8549130j 75112.9756399 | 786|2.3954225 | 821 2.9143431 
71723555191 | 75212.8762178; 7871[2.8959747 822[2.9148718 
71812.3561244 | 7531j2-8767959 | 78512.8965262 | 823j2.9153998 

| 719]2.856738g | 754|2.8773713 1 789{2.8970770 | 824|2.9159272 

72028573325 755|2-8779469 | 790[2.8976271 | 82512.91645 39| 
721128579353 756; 2.8785218 79142.8981765 826!2.9169800 

| 722|2.3585372 j 75713-8790959 | 792|2.8987252 827|2.9175055 
723|2.3591383 | 75812.8796692 | 793[2.8992732 | 828|2.9180303 

724; 2.3597 387 | 759|2.8802418 | 794{2.8998205 | 829|2.9185545 | 

| 725;2.8603380 76912.8508136 795 12.9003 67 1 | 83012.9190781 
| 72612.8609366 | 76112,8813846 | 796|2.9009131 | $831[2.9196010 

727) 2,8615344 762[2.8819550 ;. 797|2.9014583 | 832 2.9201233 
728\2.8621314 7631 2.8825245 798} 2.90200a9 83 zl 2,9206450 
72912.$627275 |, 764|2.8830933 | 799| 2.9025468 834/2.921 1660 

| 730/2.9633228-} 765]2.8836614 | $00|2.9030900 | 835|2.9216865 

[ 73 it 2.8539174. 766 2.8842288 8or 2,.9036325 $3612.9222063 | 

| 73212,8645111 767|2.8847953 | 80212.9041744 | 837]2.9227254 
732.855 1041 76828853612 | $803[2.9047155 | 838]32.9232440 

' 7342.3 55960 | 769|2.8859263 | $04[3.9052560. | 839|2.9237620 
mae!» 2c 79: | /:0:2,3864907 | 80512.9057959 | 8401]2.9242793 


— 
ws 


INum.; Logerithm. | N Sl = N I —— Nas. ELL 
24248 . . 
- 0 pn $57 a pcopgd 91212.9599948 | 947 29763 = 
ao] Eonor | onereotee] eugree 
2.9263 | 2+ 
os 2.9268567 | 830[2.9444827 | 91512.9614211 | Gel Brave 
+27 81805 
$4612.9273704 | 881]2.9449759 | 9161249618955 | o5 112-97 
Nets eo opecte| oteorzery | orjaorior 
Breyer Bopeoend form md ole 
850[2.9294189 | 885|2.9469433 ! 9201[2.9637878 | 955 A dS 
oy TEA 
® 612.980 
Maononnes| eſa noangt paints] aro otonrs 
| = pn | 88829484130 | 923/2.9652017 | 9381/2 oBr3652 
$3312-9309490 _ 18 2 2.96 6720 | 959|2.9818186 
854/2.9314579 | 889|2.9489018 | 9242. 656720 | 959 LON 
85512.9319661 | 890 2.9493900 | 92512.9661417 . | 
6112.9827234| 
856(2.3324738] 891|2.9498777 | 926|2,9666110| 9 
; . 62{2.9831 O 
no ane bead ore es 
2 29[2.96801 964/2.9840770]. 
859]2.9339932 | 894|2.9571 2375 | 92912.968 4 &- CR OINeRR 
$60[2.9344984 | $9512.95 1823 | 9 k | 
— | UC OTT a 
- 9523080 | 93112.9689497 | 966!12.98497711. 
| 86112.9350031 | 896j2.9523 El 
$6(1973072 Bpaon2792| 91.a89gs | Se abag 
| ES | wh og] Yes proce 
0903097 | INn0097 2.9708116 | 97012.9867717 
865 12.9370162 | 90012.9542425 | 93512.97 
| AMT Went) Maſe | a I 2.9872192 
866[2.9375179 | 901[2.9547248 | 936[2.9712758| 971]2. | 
| | 2. 6-| 972]2.9876663 
$6029385197 | g0r[29556877| ao0leg722078| 979]: 8112 
86912.9390198 904[2.9561684 | 939 Lpadeys 97s ae Ll - 
870]2.9395192 | 905[2.9566485 | 940[2.973127 75 [2+ 
24864 i «iii | ntltnt fe 6G 
94 6# | 56648tb JO | 
87112.9400181 906{2.9571282 | 04.1 29735896 576 og wr 
| 87212.9405165 | 4's ed rs | LED 8laecored 
87312.9410142 |, 90 2.950 - bp 74 20 | 979|2.9907827Þ- 
| $74[2.9415114 909\2.9585639 |; 944129749740 _—_— - 
87512.9420080 | 910'2.9590414 | 94512.9754318 | 98012.99122611. 


Num. rp Logarithm. 


985 | 


2.9916Gg > 
2.9921115 
2.9925535 
2.992995 1 
2.9934362 


2.9938769 
2.9943-I71 
2.9947569 
2.395 1963 
2,.9956352 


2.9960736 
2,9965117 
2.9969492 
2.997 3864 
2.9978231 


—_—_— 


2.9982593 
2.9986951 


998|2.999130F5 


2.9995655 
3.0000000 


2 


3.0004341 
3;0008577 


3.0013009 
3.0017337 
2.,9021661 


3.0025980 
3.0030295 


3.0034605 
3.0038912 


3.0043214 | 


1037 


1044 


IO16 
I017 
1918 
rorg| 
I020 
IO21 
IO22 
1023 
I024 
I025 


ne m———————_— 


3.0068937 
3.0073209 
3.0077478 
3.0081742 
3.0086002 


2.009025 7 


13.0094509 


3.0098756 
3.0102999 
3.0107239 


IO2613.0111473 


1027 
1028 
1029 
1030 
IO3T 
1032 
1033 
1034 
1035 


1036 


3.0115704 
3.0119931 
3.0124154 
3.0128372 
3.0132587 
3.0136797 
3,0141003 
3.0145205 
3.0149403 


3.0153597 
3.0157787 


1038 
1039 
1040 
1041 
1042 
I043 


1045 


3,.0161973 
3.0166155 


3.0170333 | 


3.0174507 | 


3.0178677 
3.0182843 
3.0187005 
3.0191163 


4 I049 


1046| 
ro47 
1048 


3.0195317 
3.0199467 
3,0203613 


3.0207755 


1050 


3.0211893 


—— 


b 
; 
q 
pv 


- 


| 


"Num | Logarithm. | Num.1 Togarithm. 


Num. | Logarithm.” 


O51 
1052 
1053 
1054 
1055 


10561[3.0236639 
1057[3.9240750 
ws 


3,0216027 
3.022015 

3.0224204. 
3.0228406 
3.0232524 


1059] 3.0248960 
106213.0253059 
IOG1 
1 C62 


3.9257154 
3,.0261245 
I063[3.0265333 
1064 |3.0269416 


1065 3-027 3496 


I 066 
1067 
1068 
I069 
1070 
I071 
1072 
1073 
1074 
1075 
1076 
1077 
r078 
1079 
1080 
1081[3,0338257 

108213,0342273 

083 | 3.0346284 

1084/3,0350293 

1085[3.0354297 « 


30277572 
3.0281644. 


3.2285712 


3.22B9777 
3.0293838 


3.0297895 
3.0301948 
3.0305997 
3.0310043 
3.03 14085 


3.031824. 
3,0322IF7 
3.0326188 
3.0330214 
3.0334237 


— 


'Ir18 


1086 
1087 
1088 
1089 
I090 
I091 
I092| 
1093 
I094 
1095 


I 096 
1097 
1098 
[099 
IToOO 
ITO! 
I 102 
IIO3 
1104 
ITo5 
I106 
I 107 
1108 
I10g 
ITIO 
IT11 
For 
II13 
I114 
ITI5 
I116 
ITI7 


1119 
1120 


3.0398105 


3.046885 2 
3.0472749 


3.047 664.2 
3.94805 32 
$.2484418 
3.0488301 
3.0492180 


362358298 
3e.2362295 
3.2366289 
3-2370279 | 
30374265 
302378247 
?,2382226 
3:2386201 
30390173 
3.239414 1 


3.0402066 
3.940602 3 
3+2409977 | 
3-241 3927 


3.0417873 
3.9421816 
3.425755 
3.0429691 
3.043.3623 


12437551 
3.0441476 
3.0445398 
3.0449315 
3.0453230 


3.2457140 
3.0461048 
3.0464952 


XUM 


|Num.1 Logarithm. 


I121 

1122 

1123 

1124 
|:125 
1126 
[137 
112L 
129 
130 
[1131 
[132 
1133 
[134 
135 


1144 


| —— 
1146 
1147 
1148 
1149 
I150 
11FI 
I152 
1153 
1154 


1155 


3.049005 6 
2.0499928 
30503797 
3-0507663 
3OJI1525 


3.0515384 
2519239 
1.052 3091 
3.9526939 
$.0530734 


3.95 34620 
3.05 38464 
3.9542299 
3.0546130 
3.0549958 


3.0553783 
3-05 57604 
7.0561423 
3.0505237 
3.0569048 


3.0572856 
2.0576661 
3.0580462 
2,0584260 


I145 3.058805 


3.0591 846 
5.05950634 
3.0599419 
3.0603200 
2.0606978 


*,0610753 
3.06 '4525 
2,061 8293 
3.0622058 
2.0625820 


| Num. 
ITF6 
1157 
| I158 
I159 
I 160 
I'IG1 
I 162 
IT03 
I 164 
I 165 
1166 
1167 
1168 
I169 
1170 
1171 
I172 
1173 
1174 
1175 
1176 
1177 
1178 
1179 
1180] 
I181 
1182 


} 


1184 
| 1185 


| — 


1182 
I: 87 
1188 
1189 


1 Logarithm. 
3.0629578 
3.0033333 
3.0637085 
2.06408 34. 
[3.0644580 


3.0648322 
3.065 2061 
?.0055797 
1.06595 30 
3.0063259 


3.0066985 
3.9670708 
1.067 4428 
3.0678145 
3.0681859 


7.0685569 
3.0689276 
3.0692980 
3.0696681 
3-0700379 


3-0704073 
3.0707765 
3.07I1453 
3.0715138 
3.0718820 


P— 


qu 
3.0726175 


I183 12.0729847 | 1218 


$.97335J17 
3-0737183 | 


3.074084.7 
3.9744507 


3.0751818 


11.90 


3.0748164. | 


7.0755470 


| 1208 :2,0829669 


Num. Logerithm, _ 


1191|?.0759118 
I 192] 3.07 62762 
I193| 3.07 660404. 
I 194] 3-0770043 
I195|3.9773679 
I196 
1197 
1198 
1199 
1200 
I201 
I202 
I203 
1204 
I 295 
1206 
I 207 


1,.0777312 
1.078094.1 | 
?,07 84568 
2.0788 192 
10791812 


—_—— - _ — __— 


3$-07954? © 
3-07 99045 
3.09802656 
|3.0806265 
3.0809870 


7.0813473 
3.0817073 


1209|3.0824263 


IZIO 


3.98 27854. 


I211 
I2IA2 
I213 
1214 
I215 
1216 
1217 


3-083 1441 
3.0835026 
2.083 8608 
2,0842187 
3.0845763 


3.0849336 
3.085 2905 
2.085647 3 
2.0860037 
2,086:598 


1219 
1220 
1221 


I222 


3.0867156 
3.0870712 
I223[3.0874264. 
1224|3.0877 814 


Num | Logarizhm | 
1220] :,05884905 
122713.9888446 
1228] 3.29891984 
122c|?,0895519 
1230] 3.089051 
1231 
1232 
1233 


7.0902580 
3.0906107| 
3.090963 1 
122413.0913151 
1235]2.0916669 
1236 Ld 
I237|3.0923696 
1235 3-09272C6| 
1239]3-0930712] 
I240|3+0934217 
124113.0937718 
1242|3,0941216| 
124313.0944711 
1244 |3.9948204 
I1245|3.0951693 
1246] 3.095 5180 
1247| 3.095 8664 
1248] 7.0962146 
1249] 3.0965624 
I2501 3.0969100 
1251 
1252 
1253 
1254 
1255 


— 


3.0972573 
3.0976043 
3-0979F11 
3-0982975 
3-0986437 


3.0989896| 
3.09993353 
2,0996896 
3.1000257 


1256 
I257 
1258 
1259 


1225'3.088 1361 * 


— 


Ooooo. 


I 26013, 100370F 


TY7O1”—W7 TO — —C__w 


Num 


| Logarithm, 


I'261 
. 1262 
1263 
1264 
1265 
I 266 
I 267 
1268 
11269 
270 
I271 
I272 
(1273 
1274 
1275 


1276 
1277 
1278 
1279 
1280 
1281 
1282 
11283 
1284 
1285 
1286 
1287 
11288 
1289 
I 290 


1291 
1292 
1293 
1294 
1295 


——— 


?,TOO715I 
{,IO10593 
3.1014033 


1017471 
3.1020905 


3-1024337 
3.1027766 


3.1031192 
2,1034616 
?,1038037 


31041455 
3.1044871 
3.1048284 
3.1051694. 
3.1055102 


3.1058507 
3-1061909 
2,1065308 
3.1068705 
3-1072100 


3.10754 91 
3.1078880 
7.1082266 
7.1085650 
3.108903 1 
2.1092410 
3.1095785 
2,1099159 
3.1102529 
$1 105897 


| 


Num [ Logarishm, 


Num.| Logarithm 


Num. 


Logarithm, | 


1296 
1297 
1298 
1299 
1300 
1301 
1302 
1303 
1304 
1305 


1306 


I 307 
1308 
I309 
I310 
I311 
1312 
1313 
1314 
1315 
1316 
1317 
1318 
1319 
1320 
1321 
1322 
1323 
1324 
1325 


2,1109262 
17,1112625 
3.1115985 


?,1119343 
2.1122698 


1326 
1327 
1328 
1329 
1330 


«1205739 


Coons | 
3.1129400 
3.1132747 
3,1136091 
*ed1139433 


7,.114.2773 
*,I146I1T0 
159444 
?2,1152776 
3.1156105 


CY 


3-1159432 
3.1162756 


3}.1166077 
7.1169396 
3.1172713 
3.1176027 
7.1179338 
3.1182647 
..I185954 
71189257 


31192559 
2.1195858 
3.1199154 
3.1202448 


3.1209028 
3.1212314 
3.1215598 
3.1218880 
2,1222159 | 


3-1225435 
3.1228709 
3.1231980 
3.1235250 


3.1238516 


I331 
1332 
1333 
13 344 
1335 
1236 
1337 
1335 
13,39 
1340 
I 341 
1342 
1343 
1344 
1345 


3-1241780 
3.1245042 


2,1248301 


1251558 


2,1254813 


'1258064 
4.1201314 


',1264561 


2.1267 806 
3.1271048 


2,1274288 


JI277525 
?.' 280760 


31283993 
3-1287223 


}.129045O 
2.1293678 | 
3.1296899 
3.1300119 
2,1303338 


3.1306553 


7.1309767 
3.1312978 
2.1316187 


3.1319393 


*,1322597 
3.1 325798 
2.1328998 
2,1332195 
31335389 


3.1338581 | 


3.1341771 


3.1 344958 
3.1348144 
2.1351326 


| 


| 


| 


I 365 
I 367 
1368 
1369 
1370 
1371 
1372 
1373 
1374 
1375 
1375 
1377 
1378 
1379 
1380 
1381 
1382 
1383 
1384 
1385 
1386 
1387 
1388 
1389 
1390 


— 


1391 
I392 
1393 
I 394 
1395 
1396 
1397 
1398 
1399 
I 400 


31354507 
7,1357685 
3.1 360861 
3-1364034 
2,1367206 


3-1370374 
*e1373541; 
3.13707 Of 
3.137 9567 


3.1386184 
3.13893 34; 
31392492 
31395643 


3.1401937 
2,1405080 
21408222| 
2.1411361 
7,14 14498 
3.1417632 
3.1420765 
3.1423895 
3.1427022 
3.1430148 


2.1433271 
3.1436392 
2.1439511 
3.1442628 


3.1445742 


3.1448854 
7.1451964 
3.1455071 
2.1458177 


3.1383027| 


3.1 398791 


3.1461280 


XL1jM 


I 401 
I 402 
[1403 
1404 
[1405 
1406 
11407 
1498 
1499 
I410 
I4il 
1412 
I4Tr3 
1414 
154#75 
1416 
I417 
1418 
I419 
I 420 
[1421 
1422 
I423 
1424 
I 425 
1425 
1427 
1428 
1429 
1430 


11431 
1432 
1433 


3. 1404381 
3.1467480 
3.1470577 
3.147 3671 
|*+1476763 | 


| 


3.147985 3 
'1482941 
2,1486026 
31489110 
tine 


j.1495270 
3.1498347 
3.1501422 
3.1504494 
3.1507564 


3.1510632 | 
31513698 
3.151 6762 
3.15 19824. 
il 522883 


3.1525941 
2.1528996 
3.1532049 
*,1535100 
3.15358149 


3-15417195 
4.1544240 
3.1547282 
3.1550322 
3.1553360 


| 1439] 


1436 
1437 
1438 


1440 
I441 
1442, 
1443 
1444 
1445 
1446 
1447 
1448 
1449 
1450 
1451 
1452 
1453 
1454 
1455 


Num. 1 Logarithm, | Num. | Logarizhm._ 


3.1571544 
3.1574568 
3-1577589 
2,1582608 


2.1583625 


3.1586640 
3.1589653 
3.1592063 
3.15950672 
*,1598678 


3.1601683 
3.1604685 
?,1607686 
3.1610684. 
3.1613680 


3.1616674 
3.1619666 
?, 1622656 
3.1625644. 
3.1628630 


1456; 
1457 
1458 
1459 
I 460 
I 451 
1462 
1463 
1464 
1465 


3.1631614 
3.1634595 
3-1637575 
3.164055 3 
3.1643528 


7.16465O2 
3.1049474 
3.1652443 
3.1655411 


3-1658376 | 


2,1556396 
2.1559430 
2.1562462 
3.1565491 


3.1568519 


1466 
1467 
1468 
I469 


2.,1661340 
3,1664301 
3.1667260 
3.1670218 


1470 


2.1673173 


| 


K 


| 


| 


| 1485 
— 


1471 
1472 
1473 
1474 
1475 


71676127 
3.1679078 
3.1682027 
3.1687920 


ee — 


Num.; Logerichm. 


1476 
1477 
1478 


1491 
1482 
1483 
1484 


3.169086 3 
3. : 693805 
1096744. 
1479] 3-1699682 
1480] 3.1702617 


—— 


| 


3.1705550 
3.1708482 
3-1711411 
3.1714339 
3.17 17264. 


1486 
1487 
1488 
1489 
1490 
I491 

1492| 
1493 
1494 
1495; 


I 4909 
1497 
1498| 
1499 
1500 


7.1720: 88 
?,1723I10 
7,.1726929 
2,1728947 
3.1731863 


1734776 
2.1737688 
1.1740598 
3-1743506 
3.17 46412 


3.1749316 | 
3.1752 
3.1755118 
3.1758016 


3.1760913 


218 


IFO1 
I 5O2 
I503 
1504 
1505 


3.1763807 | 
3.1766699 
3.17695 90 
3.1772478 
3-1775365 


1506 
1507 
1508 
1509 
1510 
IF 
I5I2 
IF13 
I514 
51s 
IF16 
1517 
1518 
iflg 
1520 


—— nY 


IF21 
IF22 
1523 
I524 
I525 


— 


1526 
1527 
1528 
1529 


1530, 31846914 


— 


1531 
1532 
F533 
1534 


[1535 


RO — 


1536 
1537 
1538 
539 


3,1778250 
3.1781132 
3.1784013 
3.17 86892] 
3.1789769 


',1792645 
3.1795518| 
',1798389 
2.1801259| 
?.1804126 


31 806992 
3.1809852 
?.1812718 
3elB15578| 
3.-1818436 
3.1821292 
{1824146 
3.13826999 
3.1829850 
3.1832698 


3.135545 
3.1838390 
2,.1841233 
1.1844075 


3.1849752 
3.185 2588! 
3-I855421 | 
3.1858253 
3.1861084 


31863912] 
3.1866739 
7.1869563 
3.1872366 


1540 


3.1975207 


1434 
[1435 


—_— —— — P—_ 


QOoo00 2 


Num | Logarithn, 


11541 


I 542 
1543 


1544 


1545 
1546 
1547 
1548 
I549 
[1550 
1551) 
552 
11553 


*,187 8026 
3.158084.4 
3.1883659 
7.1886473 
3-1889285 
31892095 | 
Ares 
3.1897709 
$.1 9005 I 4. 
?,1993317 


3. Ig061 18 
3.1908917 
3.1911714 


[1554 
I555 
1556 
1557 
1558 
1559 
I560 
IFGI 
I562 
1563 
1564 
1565 
1566 
1567 
1568 
I569 
['579 


[91999709 


3.1914510 
3.1917304 


+.1920096 
3.1922886 
7.1925674. 
3.1928461 
31931246 


$.1934029 
3.1936810 
7.1939590 
7,1942367 


$.1947917 
3.1950690 
?,F95 3460 
3.195 6229 
1,1958996 


] 


| 


| 


Num | Logarithm, | Num.) Logarithm 


1570 
1577 
1578 
1579 
I580 
1581 
I582 


1583|2.199480g 


I584 
I585 
1586 
1587 
1588 
1589 
1590 


3.197 5502 
3-19783:7 
3.1981070 
3.1983821 
',1986571 
3.1989319 
3.19929265 


?.1997552 
3.2000293 


Num. 


| Logerithm. | 


IOII 
IG12 
IH13 
1614 
IG15 
1616 
I617 
1618 
1619 
1620 


3-207095 5 
2,207 3650 
2,2070344 
'»207903F 


3-2081725 


2.20844 14. 
?,2087100 
3.2089785 
3.2092468 
?,209515O 


3-2003032 
7.2005769 
7.200850F 
7,2011239 
2.2013971 


IF91 
I592 
I593 
1594 
1595 
1596 
1597 
1595 
1599 
I 600 
1COl 
I 602 
1603 
1604 
1605 


3.2016702 
2.2019431 
2.2022158 
3.2024883 
3.2027607 


3.2030329 
3.2033949 
3.2035768 
3.2038485 
+,2041 200 


I621 
1022 
1623 
1624 
1625 
1626 
1627 
1628 
1629 
1630 
I631 
1632 
1633 


1634 
1635 


3.2046625 
3.2049335 
3.2052044 
3.2054.750 


3.304+3913 | 


7.2097830 
3.2100508 
7.2103185 
2,2105860 


3-21085 34 


?,2111205 
3.2113876 


7.2116544 
7.2I19211 


3.2121876 


| 


1646 
I647 
1648 
1649] 
1650 
IGFI 
I652 
1053 
1654 
1655 


1656 
1657 
1658 


1659 
I 660 


I 661 
1662 
I 663 
I 664 
1665 


7.2124540 
2,2127201 
2.21 29862 
2,2132521 
3.2135178 


1636 
1637 
1638 
1639 
I 6040 


I571 
1572 
1573 
1574 
11575 


| 


2,1961762 
3.1964525 
3.1967287 
$197 0047 


2.1972806 


1606 
I 607 
1608 
I 609 
1610 


52000159 
3.2000159 


2.2062869 
}.2065560 


3.2068259 


I 641 
1642 
1643 
1644 
1643 


*,2137833 
2,2140487 
32143139 
1,2145789 
2.2148438 


3.2151086 
3.2153732 
3.2156376 
2.2159018 


3.2161659 Þ+ 


1665 
1667 
1668 
I 669 


1670! >. 


1671 
I6072 
I673 
1674 


3.2164.298 
+2166936 
3.2169572 
3-217 2206 
3-2174839 
32177471 
.2120100!' 
3.2182728 
3.2185355 
3.2187980 


3.21g0603 
3.2193225 
3-2195845 
3.2198464. 
$.2201081 


3.2203696 
2.2206310 
3.2208921 
3.2211533 
7,22 14142 


7.2216750 
2.2219356] 
2,2221960 


Een 
+-2232303 
#2234939 
3-2237555 


I675 


1676| 2.242740 


1677 
1678 


1679 


2,2240148 


2.2245331 
.2247920 
2.2250507 


3.225 3093] 


XU 


Num.j Logerithm. 


I681 
1682 
1683 
1684 


1685 j 3.2265999 
[ 


1686 
1687 
1688 
[68g 
I 690 
1691 
1692 
1693 
I 694 
I 695 


1696 
1697 
1698 
1699 
1700 
I701 
I702 
1703 
1704 
1705 
1706 
1707 
1708 
1709 
1710 
I7I1 
I712 
I713 
1714 
1715 


3.2255077 
2.2258260 
2,2260841 
$.2293421 


1716 


6857 
71151 


7. 


43 ad 


t»s tt tb» bt id 


s 


to tb bw bo tv 


78867 


#4 


1.2281436 


3.2284004 
3.2286570 
3.22891 34 
3.2291 697 
362294258 
2,2296818 


711 


1723 
— 


3$.2299377 


42301934 | 


3-2304489 


$.2307043 
3-2309596 
3.23 2146 
3.2314696 
3.23!7244 


$.231979O 
362322335 
7.2324879 
3.2327421 


}.2329961 


3.2332500 
3.2335038 
2337574 
3.2340108 
7.23 42641 


Num.; Logertibm. 


1717 
1718 


i7l9 


[3-2345173 


3-2347703 
3.2350232 


$+2352759 


1720|3-2355284 


1721 


I722| 


1724 
I725 
1626 
I 627 
1628 
1629 
I630 
I631 
1632 
1033 
1634 
1635 


3.235750g 
$.2369331 
2.2362853 
3$-2305373 
3.2367891 


3-2370408 
3-2372923 
3-237 5437 
$-2377959 
3.2380461 


3.2382971 
10238547 

2.2387986 
3-2390491 
3-23 92995 


1636 
1637 
1638; 
1639; 
164.0 


I'641 
1642 
1643 
I 644 
1645 
1646; 
1647 


1648 
1649 


—_ -- - -— — - ————_— 


7,2395497 
3.2397996 
2.2400498 
3.2402996 
32405492 


3.2407988 
2.2410481 
3.2412974 
2.2415465 


3.247954 


3. 2420442 
2,2422929 
2.2425413 
3.2427898 


— — — — — _— — 


Num.j Logarithm. 


| 1751|3-2432861 
1752132435341" 
1753[3-2437819 
1754| 3-2440296 
"mw 


1756 
1757 
1758 
1759 


I760 


— 


1761 


1762 
1703 
1764 
1765 
1766 
1707 
1768 
17609 
1770 
1771 
1772 
1773 


1774 


1775 
1776 
1777 
1778 


1779 
1730 


1781 
1782 
1783 


1784 


1650'3.24303$0 | 1785 


3.2447718 
3.2450189 
3.2452658 
3.2455127 


| 


32457593 
3.2460059 
32462523 
3.2464.986 
3-2407 447 


$2469907 
3.247 2365 | 
3.2474823 
2,.2477278 
292479733 


+.2482186 


302484636 
$.2487087 
.24895 36 


32491984 
3.24944 30 
3-249687 4 
3-2499318 


3.2504200 


3.2506636 
3.25 09077 
3.2511513 


| 


3.2442771 1790; 3-2528530 


32445 245 | 


| £79 


2997799 


| — ———_— 


3-2513948 
3.2515382 


Num. 


[ Logerithm, 


1786 
1787 


i789 


———— 


1791 
1792 
1793 
1794 
1795 
1796 
1797 
1798 


1780 


3+25 18815 
3.2521246 
3-2523675 
3.2526103 


2.2530956 
3.2533380 
3-2535803 
3.2538224 
3.2540645 


3-2543063 
3.2545481 
3-2547897 

»255J0312 


130013e2552725 


——— 


1801 


| 1802 


1803 
1804 
1805 
L806 
1807 
1808 
1809 
1810 


— — 


ISI1 

1$12 
1813 

1814 
1815 

1816 
1$17 
1818 
1819 
13820 


3e2555137 
3.2557548 
3.2539957 
3.2562365 
32564772 


3.2567177 
3.2569582 
3.257 1984 
3-2574386 
.25767 86 


3.2579184 
3.2581582 
3.2583978 
362586373 
3.2588766 


——_— 


3.2592 158) 
3.25933549 
3.2595939 
2,2598327 


3.2600714 


[1848 


| 


1845 
| 


um.j Loxarichm. 


I821 

1822 
I82; 
1524; 
1825 
1826 
[v7 

1828 


3.2003099 
2.2605484. 
,2607867 
J-26:0248 

.2612629 


3.2615008 
?,2617385 


[829 


—— 


3 +2019762 


098i 1h 


11831 
11832 
1833 
1834] 
1835 


1836]? 
1837 
1838 
1839 
1840 


— 


3.262688 3 
3.2629255 
1,2631625 


$.2633993 
3.2636361 


2,.2638727 
?,2641092 
3.2643455 
3.2645$17 
3.2648178 


1841 
1842 
1843 
1844 


3.2650538 
3.2652896 
3.2635253 
3.2657609 
3.265 9964 


1846 
1847 


1849 
1850 


—— 


3.2662317 
3.2664.669 
?,2667920 
3.26693 69 
7.2671717 


18511342674064 
11852[3.2676410 

1853]7.2678754 
1854[3.26$1097 
1855(2.2683439 | 


mm 


— 


| 


7 Nam: Logerizhm. 


i865 


1867 
1868 
1869 
1870 
1871 
1872 
187 
1874 
1875 


1876 
1877 
1878 
1879 
1890 
1881 
1882 
1883 


1884 


1885 
1886 
1887 
1888 
1889 


1890 


CM 


1866| 


1856 
1857 
1858 
1859 
1860 
IB61 
1862 
1863[2, 
1864 


| 


3.2085 780 
32688119 
3.2090457 
3.2692794 
3.2095 29 


1.2099797 
2702128 
+27 04459 
3.27067 88 


3-27 11443 
3-2713769 
?.2716093 
7.2718416 


3.2720738 
,2723058 


3.2727696 
3-27 30013 


7.2732328 
7.2734643 
3.27 36956 
7.2739268 


3-2741578 


3.2743888 
7.2746196 
3.2748503 
2,2750809 
$.27JZI13 


— 


42755417 
3.2757719 
7.2760020 
3.2762320 


3.2764618 


7.2697464. 


| 


4.2725378 | 


| 1896 


| 


3-2709I16 1901 


| 1905 


Num.j Logarithm. | 


1891 
i892 
18g: 
1894 


GC —— 


8 


#-2760g15 
*,2799211 
3-277 1506 
*.2773800 

2776092 


1397 
1898 
1899 
1900 


—— 


1902 
1903 
1904 


| 0 
1906 
1 907 
1908 
1999 
1910 
I911 
1912 
913 
[914 
Ig15 
1916 
1917 
1918 
gong 
I 920 
I1921I 
I922 
1923 
1924. 


<1eIy G6 


3.2835274 


ty to 


as WS wy WS 44 
. ” - 


tv to it 


3.2789821 
$.2792105 
3-2794388 
3.2796669 
3.2798950 
$-2801229 
3.2803507 

.2805784 
3.2808059 
3.2810034. 


2.2812607 
3.28 I 4879 
3.2817150, 
2.2819419 


7.2823955 
2.2826221 


3.2828486 
2,2830759 
7.2833012 


3-2837534 
3.2839793 
3.2842051 


1925 


Num | Logarithm, 


193213 


1936 
1937 
| 1938 

193913 
1940 
19.41 
1942 
' 943 
1954 
1945 


— 


| 1946 
1947 
1948 
1949 
1950 


1956 


2,2844307 


1926 
1927 
1928 
1929, 
193013.28 


1931 3037023 


193313.2862318 
1934|3-2864565 
1935[3.2866810 


Ge — 


[3-2840563 
3.2848817 
3.2851070| 
362853322 


- x -& 


J))73 


—— 


2860071 


| 


3.286905 4 
3-287 1296| 
3-2873538 
2875778 
44 UL 
3.28802 
Lab82902 
32884228 
3.2886963 
3.-2889196 


3.-2891428| 
3.2893659 
3.2895889 
3.2898118 
3.2900346 


3.2902573 
3.2904798 
3,2907 022 
3.2909246 


3.2911468 


[32013688 
1957[3-2915908 
1958[3.2918127 
195913,2920344 
1960t3.2922561 


Eos 


Num.j Logarithm. 


196' 
1962 
1963 
l 954. 
Eckids 


1066 
[967 
1968 
1909 
1970 


3.2924776 
3.2926990 
3,2929203 
3.2931415 
3.2933626 


[3.223583 5 
3,2935041 
3.2940251 
3.2942457 
3.2944002 


1972 
1973 


|. 97113.2946866 


3.2949069 
3.295 1271 


| 2000 


Cm —— 


1978 
1979 
1980 


1975132955071 


197613.2957869 
19771 3.29600007 


3.953471 


3.2962203 


3.2964458 
3.29660652 


1981 
1982 
1983 
1984 
1985 


3.2968845 
3.2971030 
3.297 3227 
3.297 5417 
3.2977605 | 


1986 
1987 


3.2979792 
3.2981979 


1988 
1989 


— 


1993 
1994 


1995 


1990| 


r997, 


_ 11992 


3.2984.164. 
3.2986348 


3.2988531 


3.2990713 
3.2992893 | 
3.2995073 
3.2997251 


3.29994-29 


Num 1 Logerithm. 


1996 
I997 
1998 
1999 


2001 
2002 
2003 
2004 
2005 
2006 
2007 


2008[3, 
200913. 


2010 
2011 
2012 
2013 
2014 
2215 


2016| 
2017]3 
2018 
2019 
2020 
2021 
2022 
2023 
2024 
2025 


3. 3001605 
3.3003781 
3.300595 
3.3008128 
3.3010300 


2031 
2032 
2033 
2034 
2035 


Num. ] Logarithm. 


3.3077099 
3.3079237 
3.3081374 
3.308350g9 
3.3085644 


3.3012471 
3.3014641 
3.3016809 
3.3019977 
3.3021144 


3.3034121 
3.3936280 
3.3038438 
3.3040595 
3.3042751 


3 044905 
3047059 
3. 3049212 
3.3051363 
3.3053514 
3.3055663 
3.3057812 
3.3059959 
3.3062105 
3.3064250 


= 
5s. 
3 


2026 
2027 
2028 
2029 


3.3070679 
3.3072820 


2030 


3.3074960 


2036 
2037 
2038 

2039 
| 2040 
2041 
2042 
204 3 


2046 
2047 
2048 
2049 
2050 
2051 
2052 
2053 


2054 


2044] 
2045 [3.3106933 


| 
OY 


3.30877758 
2,3089910 
3.3092042 
3.3094172 
3.3096302 


3.3098430 
3-3100557 
3.3102684 


3.3104809 


3.3109056 
3.3111178 
3.3113299 
3.3115420 
3.3117539 


3.3119657 
3.3121774 
3.3123889 


3.3 126004 


205513.3228118 


PO —————r——m——_ 


— 


Q— 


2056[3.3130231 


205713.3132343 


2058 


2059 
2060 


3.3134454 
3.3136563 
3.3138672 


| 


LD —— 


m. | Num. [_Logarirhm. 


206613 


2067 
2068 
2069 
2070 


— | 


2071 
2072 
2073 


2074 


2075 


2076 
2077 
2078 
2079 
2080 


— 


2981 
2082 
2083 
2084 
2085 


363131303 
3.315 3405 
3e-31555Jo5 
3,3157605 


3.3161801 
3.3163897 
[3-3 105993: 
3.3168087 
3.3170181 


13-3172273 
33174365 
3.3176455 
343178545 


13.3180633 


3.3 184807 
3.3186893 
3.3188977 
[3-3191061 


2086'3.3193 143 


2087 
2088 
2089 
2090 


2091 
2092 
2093 
2094 
2095 


2061 
2062 
2063 
2564. 
2065 


3.3140780 


3.3142887 
3.3144992 
33147097 
3.3149200 | 


2096 
2097 
2098 
2099 


2100! 


3.3195224 
3.3197305 
3.3199384 


3.3203540 
3.32056S17 
3.3207692 
3.3209767 
3.3211 $40 


3.3213913 
3.3215984 
3.3218055 
3.3220124 
3.3222193 


m_— 


3.3159703 


3.3182721 


3.3201463] 


| 


2IO1 
2102 
2103 
2104 
2105 


2106 


[3-3230457 


3.3226327 
3.3228393 


3.3232521 


3.3234584 


210; 
2105 
2109 
2119 
?2III 
2112 
2113 
2114. 
2115 
2116 
2117 
[2118 
2119 
21129 
2121 
2122 
2123 
2124. 
2125 
2126 
2127 
2128 
2129 
2130 


| 


3.3244882 


2,3236645 
3.3238706 
3.3240766 
3.3242825 


3.3240939 
3.3243995 
3.2251050| 
33253104 
3-3255157 } 
3.3257209 
3.3259260 
3.3261310 
3.3203359 


3.3265407. 
3.32674 54 
3.3206950O 
3.3271545 
3.3273589 


3.3275033 | 
3.3277675 
3.3279716 
3.3281757 
3.3283796 


2131 
2132 
2133 
2134 


2135 


3.3285834 
3.3287872 
3.3289909 
3.3291 944 


2168 


$.3293979 


Num.7 Logarizhm, | Num | Logarithm. 
3.3224260(, 2136 


| 


2137 
2138 
S339 
2140 
214.1 
2142 
2143 
214.4. 
2145 
2146 
2147 
214.8 
2149 
2150 
215I 
2152 
2153 
2154 
2155 


2156 
2157 
2158 
2159 
2160 
216 
2162 
2163 
2164. 
2165 


| 


2166 
2167 


2169 
2170 


3.33525372 
3.3354579 


3.3356585 


3.3296012 
3.3298045 
3.3300077 
3.3302108 
3.3304138 


— — 


3.3306167 
3.3308195 


| 


3.3310222 
3.3312248 
3.3314273 
3.3316297 
3.3318320 
3.3320343 
3.3322364 
3.3324385 


3.3326404. 
3.3323423 
3.3330440 
3-3332457 
3.3334473 


3.3336488 
3.3338501 
343340514 
3443342526 
3.3344537 


3.3346548 
3.3348557 
3.3350565 


3.3358589 
3.3360593 
3.3362590 


, 2201 


3.3364597 


— ——_— 


Num.] Logarithm. 
—_ —————————————— 


2171 
2172 
2173 
2174 
2175 


3,3360598 
3.3368598 
3.33705J97 
3.3372595 
3.3374593 


217& 
2177 
2178 
2179 
2180 
2181} 
2182) 
218; 
218; 
2185 


mmm 


| 


2186 
2187 
2188 
2189 
2190 
2191 
2192 
2193 
2194 
2195 


| 


2196 
en 
2198 
2199 
2200 


— 


2202 
2203 
2204 
2205 


3.376589 | 
3.3378584 
3.3380579 
3.3382572 
3.3334565 


3.33855 57 
3.3388547 
3.33905 37 
3.3392526 
3.3394514 | 


3-3396501 
3.3398488 
33400473 
3.3402458 
3.3404441 


3.3406424 
3.3408405 
3.3410386 
3.3412366 
3.3414345 


3.3416323 
3.3418301 
3.3420277 
3.3422252 
3.3424227 


3.3426200 
3.3428173 
3.3430145 
3.3432116 


———————_— 
—  —— 


Num.] Logarizhm. 


2206 
2207 
2208 
2209 
2210 
2211 
2312 


| 2216 
2217 
| 2218 

2219 
2220 
22321 
2222 
2223 
2224 
2225 
3226 
2227 
2228 
2229 
2230 
2231 
| 2232 


— — 


221313-3449814 
2214 1343451776 
221513-3453737 


3.3475252 


2233 


2234 
2235 


2236 
2237 
2238 
2239 


3.3434086 


| 


| 


2240 


3.3430055 
3+3438023 
3.3439991 
33441957 
343443923 


3.3 445887 
3.3447851 


3.3455698 
33457657 
3.3459615| 
303461573 
3.3463530 


3.3465486 
3.346744 1 
3.3409395 
3.3471348 
3.3473300 


= — 


3.3477 202 
3.3479152 
3.3481101 


3.3483049 


3.3484996 
3.348694.2 
3.3488887], 
3.3490832 
3.3492775 


3.3494718 
3.3496660] 
3.3498601 
3.3500541 
3.3502480 


_—— 


Num. | Logarithm. | 
224 1|3.3594419 
12242]7.3506356 
2243133508293 ; 
2244| 3.35 10228 
2245|3-35 12163 
2246 


2247 
2248 


3.3514098 
2,35 10031 
3435179063 
3-3519895 
34.3521825 


79352373535 
2.3525684. 
3.3527013 
1.3529539 
13-3531405 


2256|3.3533391 
2257|3-3535316 
2258123537239 
225913-3539102 
2260] 3.3 541084 
2461 
2262 
2263 
2264 
2265 
2265 
2267 
2268 
2269 
2270 
227112,3562171 
227213.3564083 
2273133565994 
2274343567995 
2275 3.3569814 


3-3 543006 
7.3 544920 
7.3 546846 
+35 45764 
3.355 2082 


3-3552599 
443554515 
3.3550430 
3-3558345 
3,3£60259 


Num.1 Logariehn- 
2276] 3-357 1722 
22771 3-3573630 
227813-3575537 


[Jade $.3577443 


228013.3579348 


2281 
2282 
2283 
2284 
2285 


3.3581253 
4.3593156 
4.3585959 
3.3586961 
3.3583862 | 
2286 
2287 


3.35 90762 
2.35 92662 
2288] 2.3594560 
2289] 2.3596458 
22901 3-3598$355 


GY 


$4.35002F1 
3.3602146 
3.3 604041 
33605934 
3.3607827 


2291 
2292 
2293 
2294 
2295 
2296 
2297 
2298 
2299 
2300 


3.3609719 
3.3611610 
3.3613500 
3.3615390 
3.3617278 


Ly 


Num. 
2311 
2312 
j 2373 

2314 
2315 


2316 
23.17 
2318 
2319 
2320 
2321 
2322 
2323 
2323 
| 2325 


— — 


2326 
2327 
2328 
2329 
2330 


—— 


2331 
2332 
2333 


[-- 


| 2334 


| Logarithm, , Num.j 


3.363 8000 
3.3639878 
3-3641756 
3.3643633 
3.3645F1O 


2346]; 
2347 3-3705 I31 
2348|3-3706981 
2349|3-3708830 
235013-3710678| 


2.3647386 
{.3649260 


7.3653007 
3.3654880 
3.365675 I 
3.3658622 


3.3662361 
3.3664230 


1.3666097 
1.3667 964 
«2,3669830 
3.367 1695 
3-3073559 


2.3651134 | 


3.3660492 | 


2351 
2352 
2353 
2354 
2355 
2356 
2357 
2358 
2359 
2360 


2.3712526 
3.3714373 
7.3716219 
3.371 $065 
$.3719909 


T.372I7J3 
3.3723596 
93725438] 
33727279 
$+372912 


2361 
2362 
22:6} 
2364 
2365 


7.37 30960 
4437 32799] 
3.37 34637 
3-3738311} 


3$-3675423 
3.3677 285 
7.3679147 
2.3681008 
2,3682869 


2301 
2302 
2303 
2304 
| 2305 


OO —— — 


3.3619160 
3-3621053 
3.3 622939 
3.3624825 
3.3626709 


230613.3628593 


2307; 


33632358 


230813.36 
243034239 


2399 
2310 


l— —— — — 
_ 


—— — 


2341 


13.3630476 | 2342 


2343 


Gaps ak 
33636120 12345 


PPPPP 


2336 
2337 
2338; 
2339 
2340 


3.3684728 
2.3686587 

3688445 
}.369030O2 
7,3692159 


_—_—W_ 


73740147] 
343741983 
| 43743817} 
$4 37456J1 


2366 
> 2307 
2368 
2369 


2370 
2371 
2372 
2373 
2374 
2375 


3.3747483 


3.3749316 
343751147 
3-37 52977 
3-3754807 
3.37566306 


(3-3694014 
3.3695 869 
3.3697723 
3.3699570 
3.3701428 


237617.3758464 
237717.3760292, 
2378|.,3762118 


237913-3703944 
23 8012.3765769 


| 


343707594 
3.3769418 
243771249 
3.3773062 
3.3774884 


343778524 
3.378034 3 
3.3782161 
3.3783979 


3.3785796 
3.3787612 
3.3789427 
3.3791241 
3.3793055 


3.37 94868 
3.3796680 
3.3798492 
3.3800302 


3.3805730 
3.3807538 
3.3809345 


3.3811151 


3.3812956 
3.3814761 
3.3816565 
3.3818368 
3.3820170 


3.3770704. 


3.3802112 
| 


3.3803922 | 


e 


Logarithm. 


Num. Logarithm. 


3.3830969 
3.3832766 
3.3834563 
3.3836359 


3.338154 


[2414 


3.3821972 
3.3823773' 
3.3825573 
3.3827373 


(241513.3829171 


| 
| 


3.3839948 
3.384174 
3.3843534 
3.3845326 
3.3847117 


3.384 8908 
3.3850698 
3.385 2487 
3.3854275 
3.3856063 
3.3857850 
3.3859636 


3.3861421 
3.3863206 
3.3864990 


3.3866773 
3.3868555 
3.3870337 
3.3872118 
3.3873898 
3.3$75678 
3.3877457 
3.3879235 
3.3881012 
3.3882789 


3.3884565 
3.3886340 
3.3888114 
3.3889888 
3.3891661 


| 
| 


— 


y — 


2451 
2452 
2453 
2454 


2455[3-39005 15 


2456 
2457 
2458 
2459 
2460 
2461 
2462 
24.63 
2464 


3.3893433 
3.3895 205 
3.3896975 
3.3 898746 


3.3902284 | 
3.3904052 
3.3905819 
3.3907585 
3.390935Fl 


3.39T1116 
3.3912880 
3.3914644 


2465 3.3918169 


2466 
2467 
2468 
2469 
2470 
2471 
2472 
2473 
2474 
2475 
2476 
2477 
2478 
2479 
2480 


2441 


2482 
2483 
248%. 


3.3916407 


3.3919931 
3.3921691 
3.3923452 
3.3925211 
3.3926969 


3.3928727 
3.3930485 | 
3-3932241 
3.393 3997 
dew 


3.3937506 
3.393 9260 
3.394107 3 
3.3942765 
3.3944517 


3.3946268 
3.3948018 
323 949767 
3-3951516 


2485 


| 2495 


| 2497 


3.395 3264 


Num.j Logarithm. | 


2486 
2487 
2488 
2489 
2490 
2491 
2492, 
2493 
2494 


— 


2496 


2498 


3.3955O11 
3.395758 
3-3958504 
3.3960249 
3.3961993 
343963737 
3.3965480 
3.3907223 
3.3968964 
3.3970705F 


3.3972446 
3.3974185 


2499, 


2500 
25O1 
2502 
2503 
2504 
2505 
2506 
2507 
2508 
2509 
2510 
2FI1 
2512 
2513 
2514 
2515 
2516 
2517 
2518 


2519, 


2520 


3-3975924| 
393 977662 
3.3979400 
3.3981137 
3.398287 3 
3.3984608 
3.3986343 
3-3988077 


3.3989811 
3:3991543 
3-3993275 
363 995JOOF 
3.3996737 


3.3993467 
3.4000C196 
3.4001925[. 
3.40036J3 
3.4005 380 


3.4007106 
3.4008832 
3.40TOFF7 
3.4012282 
3.404005 | 


es Ati 


[2527] 


— 

. 

Num. 
— 


'Logarithn, 


2521 
2522 
2523 
2524 
2525 


2526 


2528 
2529 
2530 
2531 
2532 
2533 
2534 
2535 


CO ——— 


2536 


2537 


2539 
2540 
2541 
2542 
2543 
2544] 
2545 
3546 
2547 
2548 


25JJO 


—— — 


2551 


2553 
2554 


253812. 


3.4015728 
3.4017451 
3.4019173 
7.4920893 
3.4022614. 


3-4024333 
3.4026052 
$.4027771 
2.4029488 
?.4031205 


3-4032921 
3.4934637 
3-4036352 
3.403 8066 
3-4039780 


*,4041492 
4044916 


3.4046927 
3-4048337 


3.4050047 


3-4951755 
3.405 3463 
7.6055I71 
3 4056878 


3.40585 84 
3,4060289 
3,4001994 


3.4005402 


3-4043205; 


> ——_— 


Num'f Logarithm. 


2556] 3.4075008 
2557134977307 
2558] 7.4979005 
25 59] 3-40£0703 


2560] 3.4082400 
2561] 3.4084096 
2562] 3.4085791 


2563 


2564| 7. 


2565 


— — 


2566 


256713-;024259 
2568] 3.4095 950 
2569] 7.409754 1 


2570 
2571 
2572 
2573 
2574 
2575 
2576 
2577 
2578 
2579 
2580 
2581 
2582 
2583 
2584 
2585 


7.4087486 
1089180 
340980874 | 


349925067 


3.40993 31 


3.4101021 
ep nt 
3.4104.398 
7.4106085 
34107771 


3-4109459 
3.4111144 
3:411282y 
3.4114513 
2,4116197 


3.4117880 
3-41 19562 
3.4121244 
3.4122925 
3.4.1 24605 


Num 


A Logariihm. 


Num. 


| Logarithm. | 


2591| 34134074 
2592[3-4136350 


2593[3.4138025 


25941 *-4139700 
3-4141374 | 2630 


2595 
2596 
2597] 
2595 
2599 
2600 
2601 
2602 
2603 
2604 
2605 


— 


2606] ? 


2607 
2608 
2609 
2610 
2611 
2612 
2613 
2614 
2615 


————- 


2616 


255213 


255513- 


3,4067105 
4068807 
3.4070508 
3.4072209 
3.407 3909 


2586 
2587 
2588 
2589 
2590 


3.4126285 
34127964 
3.4129042 
2.4131320 


3.4132998 | 


to bb Þ to 


: 


3-4143047 
34144719 
.4146391 
3.4148063 
34149733 


4151404 
4153073 
34154742 
J.4156410 


434158078 


4159744 
3.4161410 
?.4163076 
2,4164741 
3.4166405 


3.4168069 
7,41697 32 
34171394 
3.4173050 


?,4170377 
2,4178037 
3.4179696 | 
"4181355 

4183013 


Sen R404 


| 


| 2034 


2626 
2627 
2628 


26291 


[2637 
2632 
2633 


2635 


— — 


2636 


| 2638 


£0637 


2039 
2640 
2641 
2642] 
2643 

26044 
2645 


2646 
2647 
2648 
2049 
2650 


3.4192947 
2,4194601 
34196254 
3-4 197906 
3.4199557 


3-4201208 
3.4202855 
3-4204509 
3.4206158], 
3.4207806 
34209454 
7.4211101 
3.4212748 
3.4214394 
34216039 


3.4217684 
7.4219328 
3.4220972| 
3.4222614 
?,4224257 


?.4225898 
$.4227539 
7.4229180 
3.4230820 
3-423 2459; 


2651 
2652 
2053 
2654| 
2655] 


3.4184570 

3.4186327 
3.418798; 
3.4189638 


Ppppp.2 


3.4191293 


| 


2656 
2057 
265813 
2659 


9.42 34097 
7.4235735 
14.4237372] 
3.4239009 
7.4240645 


2.4242281 
7.4243916 

4245550 
3.4247183 


2660 


3.4248816 


” _ 
=_ 


Rs - 
Pe ” - 
k 


Num | Logarithm, 


2001 
2662 
2.663 
2.004. 
2665 
2666, 
. 12667 
2.668 
2669 
[2670 


3+4250449 
3.4252080 
3++253712 


344255342 


3.4250972 


| 


2097 
2695 
209% 
2700 


'Num | Logarithm. 
. 2696 


2.4307199 
3.4308809 
3.4310419 


3.4313635 


3.4258601. 
3,4260230 
3.4261858 
3.42634.85 
3.420F113 


2671 
2072 
2073 
2074 
2675 


3.4266739 
3.4268365. 
3.+4209990 
3.427 1614. 
3.4273238 


2676 
[2677 
2678 
2079 
2680 
2681 
2682 
2683 
2684 
2685 
2686 
2687 
2688 
2689 
26090 


3.4274861 
3.4276484 
3.4278105 
34279727 
3.4281348 


3.4282968 
34284588 


3.4286207 


3.4287825 
3.4289442 


LR — 


3.4291060 
3.4292077 
3.4294293 
3.4295 908 
2, 4297522 


| 


2701 


2702 
2703 
2704. 
2705 
2706 
2707 
2708 
2709 
2719 
2711 
2712 
2713 
2714 
2715 


2716 
2717 
2718 
2719 
2729 
2721 
2722 
2723 
2724 
2725 


3.4315240 
3.4316853 
3.4 318460 
3.4320066 
3.4321073 


3.4323278 
3.4 324883 
3.4326487 
3.4. 328090 
3.4 }29693 


3.4331295 
3.4.332897 
3.43 34498 
3.4.33 6098 
3.4337 698 


3.4339298 
3.4 349896 
3-4 342494 
3.4 344092 


6 ii 


3.4 347285 
3.4.348881 
3.4350470 
3.4352071 


3.435 3665 


2691 


3.4299137 


2692 [3.430075 1 
269313.4302364 


2694 
2695 


3.4303976 


2727 
2728 


2729 


2730 


2726) 


3.4355258 
3.435685 1 
3.4358444 
3.4360035 
3.4 361620 


3.4312029 | 


2731 
2732 
2733 
2734 
2735 


30 
37 
35 
39 
40 


tv tÞ tb be 


ii Sr Br. i. 


2741 
2742 
2743 
2744 
2745 
2740 
2747 
2748 
2749 


2750 
2751 
2752 
2753 
2754 
2755 
2756 
2757 
2758 
2759 
2760 
2761 
2762 
2763 


—— 


Num. Logerishm. _ 


3,43034217 
3.4364807 
3.4366396 
3. 4367985 
3.4309573 


3.4371161 
34372748 
3.4374334 
3.4375 920 
3.4377506 


3-4379090 


3.4380674. 
3.4382258 


+[3.4383841 


3.4385423 


3.43 87005 
3.4355587 
3.4390107 
3.4391747 
3.4393327 


| 


| 


3.43 94906 
3.439644 
3.4. 398062 
3.4399039 
3.44O0121I0 


3.4402792 
3.4494 368 
(34495943 
3.4407517 
3.4409091 


—_— 


' 2770 


Num.j Logarithm. | 


2766 
2707 
2768 
2769 
2770 


I —— — 


2771 


2772 


277 313-4429499 


2774 
2775 


—_— 


2777 
2778 


2779 
2780 
2781 
2782| 
2783 


(3-4440449 


2784| 


2785 
27 86 
2787 
2788 
2789 
2790 
2791 
2792 
2793 
2794 
2795 


3.4419522 
3,4420092 
3.44216061| 
3,4423229 
3.4424798 


3,44260365 
? +7427 932 


hb 


3+443 1065 
3.4432630| 


—_ 


3.4434195 
3.4435759 
3.4437 322 
3.4438855 


—_—— 


3.4442010 
3.4443571 
3.4445132 
2.4440092 
3.4445252 


3.444911 
3.4451370 
3.445 2928 
3.445 4485; 
3.445 0042 


3.4457598 
3.4459154 
3.44007 09 
3.4402264. 
3.4463818 


3.44 10664 
3.4412237 
3.4413809 


2764|3.4415380 
| 276513.4410951 


2790 
2797 
2798 
2792 
2800 


3.4465371 
3.4460925 
3.4468477 
3.4470029 
3.4471 580} 


3.4305 588. 


2805 
2806 
2807 
2808 
[280g 
2810 
2811 
2812 
2813 
2814. 
2815 
2816 
2817 
2818 


Nam.j Logerithm. 
2801|3-4473131 
2802 |3.4474681 
[2803 [34476231 
2804| 3-4477780 


3-4479329 


34450877 | 


34482424 
74483971 | 
34455517 
2.4487063 


| 34488608 


3-4499153 
3-4491697 
3.4493241 


34494784 | 2550 


3-4490326 
3-4497.868 


7.4499410 | 


2819 
2820 
2821 
2822 
2823; 
2524 
2825 
2826 
2827 
2828 
2829 
2830 
2831 
2832 
2833 
2834 
12835 


| 


| 


ms 


3.450095 1 
34502491. 


7.4504031 
3-4505570 
7.4507 109 
"44598647 
3 4510184 


3.4511721 
34513258 
2.4514794 
3.4510329 


34517864 


3.45 19399 


3.4522466 


3.4520932 


| 


2836 
2837 
2838 
2839 
2840 
2841 
2842 
2843 
2844 
2845 


3.45 27002 
3-45 28593 | 
3.45 30124 
3.45 31654 
3.45 33183 
3.45 34712 
7.45 30241 
1.4537769 
7.45 39290 
3-+5 40823 


Om ———_—_— 


| 
2346] 3-4542349 
2847] 7-4543875 
2848| *.4545400 


Num [ Logerizhm, | 


Num. | L1garithm | 


—— 


Num. |Logarithm, | 


2871 
2872 
2873 
2874 
2375 
2876 
2877 
2878 
2879 
2830 


——————_— — 


| 2849] 14546924 
3.4548449 


2851 
2852] 
2853 
| 2854 
2555 


3-45 $9972 
©.455 1495 
2.4553018 
*.45 34340 
2,455 6061 


2856\ 74557582 
2857|3-4559102 


W— 


285813.4550622 
2859] 3.4562. 41 
2860; ?,4563660 
2861 
2862 
23863 
2864 
2865 
2866! 3.4572762 
2867|3.4574276 


3-4565179 
3.45 66696 
3-4568213 
3-4569730 
34571246 


3.4523998 
3.46525531 


1 
286724574275 | 
2869] 7,4577305 


2870[.3.4578819 


2886 
2887 
2888 
2889 
2890 


2891 
2892 
2593 
2894 
2895 
2896 
2897 
2898 
2899 
2909 
2901 
2902 
'2903 
2904 
2905 


3-+550332 
3.4581844 
3.4583356 
2.4584868 
3.4586378 


—— ——— A — 


3-45 87839 


| 


3-4589399 
7.45 90908 
34592417 
2.4593925 


2881 
2882|3-45 96940 
2883 |7-459344.6 
2885 | 3-4501458 


147595433 


1,4602963 
3.4604468 
7.4005972 
?.4607475 
3. 4608978 


7.4610481 
2,461 i983 
3.461 3484 
2.4614985 
2.4516486 


3.4617986 
2.4619455 
3.452098+ 
2,4622482 | 
2.4623980 


1.4625477 
3.462097 4 
3.4628470 
2.4629969 


2906 
2907 
2908' 
2509 
2910] 


| 2920 


| 295 


| 2926 


| 2932 


2911 
2912 
2913 
2914 
| 2915 


2916 
2917 
2918 
2919 


2921 
2922 
2923 
2924 


| 34647875 


| 


3.46 32956 
34634450 
3.4635944 
3-4637437]| 
3.4638930 


3-4640422 
34041914] 
3-464.3 405 
3-4644895 
3.3646386 


— 


3.46493 64 
3-465085 3 
3-460523441 
3.4653828 
3.4655316 
{.4656802 
1.46582881 
3.4659775 

2,4661259 


— — 


2927 
2928 
2929} 
2930; 


———m—_— — 


2931 


| 
' 


2932 
2934 
2933 
2936 
2937 
2938 
2939 


e,4631461 


2940 


+, :662743/ 
1.40604227 
7,4065711 
7. $067194 
©,4568676 
2,4670158| 
3.4071640 
2,467 3120! 
344674601] 
*,4676081 


2,4677560 
24679039]. » 
2,46580518| 

2.4681996 
2,4683472 


———— 


'INum.1 Logarzthm. 


Num. Logarichm. 


Num.jLogarizhm, | Num.j Logeribm. | 


3.40$4950 | 2976| 3.4736329 | 3911] 3.4787108 | 3046|3.4837299 
3.4686427 | 2977] 3-4737788 | 3012[3.4788550 | 3047|3.4838725 
3.4637903 | 2978[3.4739247 | 3013| 34789991 3048| 3, 2840150} 
34689378 3014[3.4791432 | 3049] 34841574 
3.469085 3 3015|3.4792873 3050[ 34842998 
7.469232 3016]7.4794313 | 3951| 3.4844422; 
| '-4693501 3017[3.4795753 ! 3052] 34845845 
1.4695 275 30181?.4797192 | 3053|?.4847268 
3.4696748 3019] 2.479863 1 | 3954] 3.4848690 
3.469822 3020[3.4800069 } 3055] 3.48501 r2 
7.4699692 302117,4801507 | 3056|7.4851533 
3.4701163 3022|3.4802945 | 3957|3.4852954 
3.4702634 3023[3.4804381 | 3958| 344854375 
3.4704.105 3024|3.4805818 | 3059[3+4855795 
3-4705575 302513.4807254. j 3960] 344857214 
3.4707044 3026] 7.480868g9 | 3061] 3.485863 3 
3-4708513 302713.4810124 | 3962] 3,486005 21 
3.4709982 3028; 1,4811559 3063[3.4861470 
3.4711450 302913.4812993 j 3004|3.4862888 
34712917 3030[3.4814426 | 3965|3.4864305 
3-47 14384 3031; 3.4815859 | 30661 3.4865721 
3.4715852 3032|3.4817292 | 3067[3.4867138 
3.4717317 3033[3.4818724 4 3958] 34868554. 
2.4718782 | 3034[3.4820156 | 3069|3.4869969 
3.4720247 | 3035134821587 \307013.4871384 
34721711 3036[3.4$23018 | 3971]3.48727998] - 
$.4723175 30371 3.4824.448 307213.4874212 
3.4724639 3038! 2.4825878 | 307313-4875626 
3-4726102 3039[3.4827307 1 3074|3.4877039 
3.4727564 3040| 7.482 8736 | 307513.4878451 
*,4729027 304117.4830164. | 3976; 3.4879863 
7.47 30488 3042|3.4831592 | 3977]3.4881275 
7.4731949 3043|3.4833019 ! 3078[3.4882686 
13.473 34.10 3044] ;.4834446 | 3079] 3.4884097 
3.47 34870 304513.4835873 | 3980'3.4885507] 


Num.j Logerithm. 


Num.7 Logarithm. 


3081 
3082 
3083 
3084 
z085 


3086 
3087 
308813 
3089 
3090 
3091 
3992 
3093 
3094 
3095 
3096 
13997 
3098 
3099 
ZIOO 


2101 
3102 
3103 
3104 
3105 
3400s 
3107 
3108 
13109 
3110 


(310, 
3112 
3113 
3114 


OO — — 


[3-4826917 
3.4888326 
7. 4889735 
3-4891144 
[3.4892552 


3-4893959 


34895 366 


3.4896773 
7.4898179 
3.4399585 


$.4900990 
3-4902395 
$.4903799 
3.4905 203 
3.4906607 


34908009 
3.49094 12 
3.4910814 
3.4912216 
3.4913617 


72.4915018 
34916418 
7.4917818 
3.4919217 
3.4920616 


R————_— 


3.4922014 
3«4$23413 
2.4924810 
3.4926207 
7.4927604 


JZI1G 
3117 
3118 
3119 
3120 
312113 
3122 
3123 
3124 
3125 


| 


3.4935974% 
3.4937368 

3.4938761 
3.4940154 
3-4941540 


3.4942938 
j.4944329 
3.4945720 


3127 
3128 
3129 
3130 
3131 
3132 
3133 
3134 
3135 
3136 
3137 
3138 
3139 
3140 
3141 
3142 
3143 
3144 
| 3145 


34929000 
3.4930396 
344931791 
3.4933186 


3146 


3147 
3148 
3149 
3150 


2126! 


3-4949890 
3-4951279 
3-495 2667 
3-4954056 | 
3-495 5443 


3-495 683 1 
3-4958218 
3.495 9604 
3-4960990 
3-4902375 


7.4963761 
3.4965145 
3.4966529 
3.496791 3 
3.4969296 


{| 
| 
-|—= 


3.4947119 | 3159 
3.4948500 | 3160 


Num 


[| Logarithm. 


3151 
3152 
3153 
3154 
3155 


3156 
3157 
3158 


3161. 
3162 
3163 
3164 
3165 


3-4954434 
2.4985862 
3.4987 240 
3.4988617 
3-4959994 


34991370 
3.4992746 
[3-4994121 
3.4995496 
3.4996871 
3-4998245 
3.4999619 


3.5 000992 | 


3.5002365 
3-5903737 


3166 
3167 
3168 
3169 
3170 
3171 
3172 
3173 
3174 
3175 


$5 905109 
3.5006431 
3.5007852 
3.5909222 
j.5010593 
3.5011952 
3oJO13332 
3.5014701 
2.5916069 
3.5917437 


3.497 0679 
7.497 2002 
3.497 3444 
2.4974825 

3.497 6206 


34977587 


3.497 8967 
3.4980347 
3.4981727 


(3.4983 106 | 


3170 
3177 
3178 
3179 
3180 


3.3 018805 
35020172 
3-5921539 


3.5022905. 


1.5024271 


3181 
3182 


378313 


3194 


3.5025637 
3.5027001 

.F028366 
3.5029731 


3385 


| 


| 


Num. 
3186 
3187 
3188 
3189 


| Logarithm, 

3.5032458 
3.5933821 
3.5035183 


3.503054] 


3190[3.5037907 


OD —— 


— z 


319113.5039268 
3192[3.5040629 


3193 
3194 
3195 
3196 
3197 
3198 
3199 
3200 
3201 
3202 
3203 
3204 
3205 
3206! 
3207 


+3208 
3209 


3210 
3211 
3212 
213 
3214 
3215 
3216 
321713 
3218] 3. 
3219 


3:5041989 
3.5943349 
3.5044709 


3.504.6068 
3.5047425 
3.5048785 
3.5050142 
3.5051500 
3.5052857 
3.5054213 
3.595550691- 
3.3925 0925 
3.5058280 


3.5059635 
3.5060990 
3.50623 44 
3.5063697] 
3.5065090] 


3.5 006403 
3.5067755] 
3,5069107 
3.3070459 
3.5071810 


3. pan 


14077216 | 
$0785yof; 


3115 


3.4934580 


/ 


2.503 0094 | 3220 


| 


um.1 Logarithm., | 


Num. Logarithm,. | Num.j Logarithn, | Num.j Logarithm. 

3221| #5 079907 35126844 | {5173279 
3222|3J081255 3.5128178 2,5174595 
3223] 3.5932603 3.512951; 3.5175917 
3224|3.5083950 3.3 130544 | 3294[3.5177236. 
3225|2.5085297 3.5132176 | 3295 35178554 
[3226 2.5 086644 745133508 | 3296 45 179872 
3227] *.5087990 2,5134840 [3.5181189 
3228|7,5089335 2.5136171 3.5182506 
3229|3.5090680 3-5137501 | 3299|3.5183823 
3230|3-5092025 3.5138832 | 3300þz.5185139 
(32311 3-3J093370 3-5 140152 3.5186455 
3232] 35994713 25141491 2,3J187771 
3233] 3.50$6057 3-5142820 | 3303 [3.3 189086 
3234 3.5097400 7.5 14414% | 33041|3.5190400 
323513-5098743 3:5145478 | 330513.5i91715 
3236| 35100085 | 3-3 146805 | 3306] $5 193028 
3237 [35101427 7 35148133 | 330; [3.5194.342 
323813.5102768 2.5149460 | 3305; 3.5195655 
323913.5104109 | 3-5150787 | 3309|3.5196968 
3240| 3-5 105450 3-J152113 | 3310|73,5198280 
3241} #5 106790 3.5153439 3.5199592 
3242|[3-5J108130 3.51547064 3.5 200903 
3243 adder we! 3.515608g 3.5202214 
3244|3-5110808 35157414 | 2.5203525. 
3245135112147 3.5158738 35204835 | 
3246|3.5113485 3.5160062 3.3 206145 
3247|3-5114823 2.5161386 3.5207455 
3248! 2.5116160 3.5162709 3:5208764. 
3249] 3-5117497 3.5164031 . 3.5210073 
3250] *.5118834 | 3.5165354 3.5211381 
3251)3.5120170 3.5 166676 | 3327 2.5212689 
3252[3.5121505 , 32871 3.5167997 35213996 
325335122841 3:5169318 | 3323]3.5215303 
325413.5124175 | 3289|3.5170639 3324 2.5216610 
3255|3.5125510 | 3290|3.5171959 12.5217916 


| 


— ————__—— 


| 


3356 


3327 
3328 
3329 
3330 


et ————_—— 


3320[3.5219222 
3.5220528 
3.5221833 
35223138 
3.52 24442 


3331 
3332 
3333 


3335 
3330 
3337 


3339 


———— 


3341 
3342 
3343 
3344 
3345 


3.5225746 
3.5227050 
3-5J228353 
333413-52 29656 
3.52 3095$| 
3.52 32260 
3.52 33502 
3335/3-5234863 

3.52 ;0164 
334013.52 37465 


3.5238765 
3.5 240064. 
3.5241364- 
3.5 242663 
3.5243961, 


3340 
3347 
$345 


3.5245J259 
3 5246551 
3.5247 854 


35491 3.5249157 


3350 


—— 


3351 


3353 
3354 
3355 


— ———— 


3357 
3358 
13359 


3.5251744 
3352[3.5253040 


365 25$S31 
365250925 


3.5258219 
3.5259513] 
3.5260806]. 
335262100; 
3360! 3;5267293] 


3.5 250448) 


265254335 


(3 


Meng. 
3361 
3 362 
3363 
3 364 
3365 
366 
3 367| 
3368 
3 369 
3370 
3371 
3372 
3373 
$374 
3375 
3376 
3377 
3 378] 
3379 
3380 
3381 
3382 
3383 
3384 
3385 


Logarithm. 


3.5289167 


3.5290452 
3.5291736 
3.5293020 
3.5294303 | 
3.5295587 


35204685 
35265977 
3.5 267269 
3.5268560 
3.52698 51 


3.5271141 
15272431 
3.5273721 | 
3.5275010 
3.5276299 


1527588 
7.5 278876 
3.5280163 
3.5 281451 
3.5282738 


3.5 284024. 
3.5285311 
3.5286596 
3.5287882 


— 


3386 
3387 
3 388 

3 389 
3 390 


3.5296869 
3+5298152 
55299434 
25300716 


5-3 301997 


CO —r mm moms | 


3391.3 
3392 


3394 


Num.; Logariuhm, 


3396 
3397 
3398 
3399 
3400 
3401 
3402} 1 
3403 
| 3404 
3405 


—— 


3-5 319895 
3-3521171 


3-5 309077 
3.5310985 
3-5 312234 
3.5313512 
3-5314789 


3.5 316066 


1e5 317343 
2.5318619 


3406 
3407 
3408 
3409 
| 3410 


3411 
3412 
3413 
3414 
3415 


— — 


j.5327544 


3-5328817 
3+5 3 30090 
5-5331303 
3-5 332635 
3-5333907 


3-5 322440 
PRE 
3-53 24996 
3.5 326270 


3416 
3417 
3418 
3419 
3420 
3421 
3422 
3423 
3424 

3425 


[2426 


3:5303278| 
3.5304558 


339317.5305839 | 3428 


3.5307118 


339513.5308398 ] 3430 


3427 


3429 


35335179 
3.53 30450 
3-5 337721 
3.5338991 
3.5 340261 


35341531 
3.5342800 
3.5 344069 
3.5345338 
3.5 346606 


Þ5347874 
3.5 349141 
3.53 $0408 


3.5352941 


a 


3.5351675 


| 


Num. 


3431 
3432 
3433 


3435 
3436 
3437 
3438 
3439 
3440 
| 3441 
3442 
3443 
3444 
3445 


ny 


aritbn, *[2 um.] Logarithm, | 

3466| 3,5 398286 
3467|3-5399538 
3468| 3.5400791 
34691 3+5402043 
| 3470|3-5403295 
3471 3.5404546| 
3472 35405797] 


345354207 
3.5355473 
3-5356738 


3434[3-5358003 | 


3.5 359267 


2,5 360532 
3.5361795 
3-3363059 
3.5 364322 
3.5365 584 


3.5 366847 
3.5368109 
3-5 369370 
3.5370631 | 
3-5321892 


3446 
3447 
3448 
3449 
= 
345T| 
3452 
3453 
3454 
3455 


3.35375672 
3.5 376932 


Cr OY 


3.5 380708 
3.5381966 | 3488 
2.5383223 | 3 
3.538448 


> ——— 


$$5373153 
$.3374413 


3-5 378191 | 


Mey 


— 


3456 
3457 
3458 
3459 
3460 


[3461 
3462 
3463 
3464] 


| 3465 


anon] 
35393271 
35394525 


i»5 395779 


3473 


3475 
3476 
3477 
3478 
3479 
3580 
3481 
3482 
3483 
3484 
3485 


3486 
3487 


3459 
3490 


CO mrnmnnnm—mn—_—_— 


33385737 1 3491 
3.5 386994 

25388250 
3.5389506 
3.5 390761 


3492 
3493 
3494 
3495 
3496 
3497 
3498 
3499 


2.5 397032 


25o013.5 


3474 


M 


3.5429498 


3.5434472] 


3.5435714 
3.54 36956] 


3.5407048 
3.540829 
3.5409548} 


3.5410798 
3.5422047 
3.541 3296 


3. 5414544 


Pon 
| 


3-3 417040 
2.5418288 
419535 
5420781 
3.5422028 


365 423274 
3.3424519 
3.5425765 
3.5427010 
35428254 


3.5430742 | 
3.5431986 
3.543 3229 


3.5438198 
3,5439439 


3. 5442630 


Qq 


199 


Num.{ Logarithn, 


Num.j Logarithm, 


1350! 
3502 
3593 
3504 
[3505 


3534 
535 


365 441921 
35443161 
145444401 | 
35445641 

3.5446880 | 3540 


L —— nn 


3.5448119 , 3541 


135461724 


13-5472823 


«5449358 | 3542 
75450596 | 3543 
35451834 | 3544 
3:5453071 | 3545 
3546 
3547 
3 548 


3.5454308 
245455545 
7.5456781 


353G13-5485123 
353713-5486351 
3538[3+-5487578 | 3573 
35 39] 3-5488806 | 3 574 


3-5 490033 


395491259 


3-5494937 
3.5496162 


3-5497387 


3-5499836 


3549 
3550 
3551 
3552 
3553 
3534 
3355 


3.5458017 
3.5459253 


35460485 


?2.5462958 
3.5464193 
35405427 


3.5501060 


75502283 


3$-3503507 
35 504730 
3-5505952 


3-5 508396 


2,5466660 3556 
3.5 467 894 
3.5469126 
?.5470359 | 
3.5471591 | FIP© 
3561 
3562 


$-5474055 
7.5475286 | 3563 
3504 
3 565 
3566 
3567 
3568 
3569 


3.5478977 
3.5480207 
3.54814 36 
3.5482665 


| 


7.5509618 


| 3557[3-5510839 
3558[3.5512059 
3559|3-5513280 


3. 


3.3 515720 
3.5516939 
3.5518158 
3.5519377 
$.5520595 


35421813 
3.5 523031 
3.55 24248 
3.5 525465 


35476517 
þa 


+5477749 


3-5453896 3570 


2.5 526682 


3-5 507174 | 


[i 


5492486 | 3577 
2.5493712 | 3578 


3.5498612 | 3582 


| 


$314500 1 39595 


| 
| 


Nun.j Legarithm. 


3971 
3 562 


3575 


———— 


3570 


3979 
3580 


—— 


3581 


3583 
3 584 
3585 
3586 
358; 
3588 
3589 
3590 


3591 
3392 
3593 
3594 


— 


3590 
3597 


3-5527 898 
?7,5529114 
3-5530330 
3.5531545 
35532760 


35533975 
3.5535189 
3-5536403 
3.55 37617 
3.5538830 


3.5540043 
3.5 544256 
3-5 542468 
3.5543680 
3-5 544892 


$5546103 
3.5547314 
3.5548524 
3.5549735 
2.5 550944 


35552154 
35553303 
3-35554572; 


3606 
3607 
3608 


360g 


3610 


—— 


36II 
3613 
3614, 
3615 


[3616 


3617 
3618; 
3019 
3620 
3621 
3622 
3023 
3624 
3625 


3626 
3927 
3625 
3629 


3.5555781 | 
3.55 569bg 


3.3558197 
3-5 559404 


3598 
3599 
3600 
3601 
32602 
3603] 
3604- 


| 


3.35560612 
3.3561818 
3.5 563025 


3.5564231 
3-5 565437 
3.5 506643 
355 567848 


360 


7.556gOF 3 


3630 
3631 
3032 
3633 
3634 
3635 
3636 
3637 
3638 
3639 


Num.j Logarahm, 


3612, 


F.5570257 
3.5571461 
3-557 2665 
3.557 3869 
3.3 575072 


3*3570275) 
3-357 7477 
34557 8650! 
3.5579881 
3.5581083| 


3.5 582284 
3.558 3485 
3.5 584686 
3+5585886 
3.5587086 


3.5 588285 
3.5589484 
3.5590683 
3.5 591882 
3.5593080 


35594278 
3.5595476| 
3.5590073 
3.5597870 
3.5 599066 


3.5600262 
3.5601458 
3,5602654| 
3.5603849 
3 5605044. 


3.56063 39 
3.560743 3| 
3.5608627 
3,5609820 


3640 


3,56T1014 


” 


w» 


[Num. 
3.5012207 
3.5613399 
3.5614592 
3.5615784 
3.5616975 | 


arithm. 


3.5618167 
3.56193 58 
3.5620548 
35621739 
3.5622929 


| 


7.5624118 
3.5625308 
3.5026497 
3.5627685 
3.562887 4 


—— 


3.5630062 
3.5631250 
3.5032437 
3.5633624. 
1.5634811 


3-563 5997 
3.5637183 
3.5638369 
2.5639555 
3.5642740 


3.5941925 


4.5643109 
3.5544293 
35945477 
2.<646661 


| 


25647844 
7.5 649027 
3.5650209 
3.5651392 


3.53652573 


Num. Logarizhm- 
3676|3.5653755 
. 3677 


3678 
3679 
3680 


— — 


3681 


3682, 


3683 
3684 
3685 
3686 
3687 
3688 
3689 
3690 
3691 
3692 
3693 
3694 
3695 
3696 
3697 
3698 
3699 


3700 


EY 


3701 
3702 
3703 
3704 
3705 


— — 


3706, 


3707 
-3708 
3709 
3710 


[35658478 


3.3654936 
3.5656117 
3.5657298 


3.5659658 
3.5660838 


7. 5662017 
3.5663196 
3.5664375 


3.5065553 
1.5666731 + 
2, 5667909 
3.5669097 
3-5670264. 


7.597 1440 
3.5672617 
3.567 3793 
3.5674969 
3.5676144. 


3.5677320 
3.5678494 
3.567 9669 
3.560843 | 
3.5682017 


3.5683192 
3.5684 364 
15685537 
3.5686710 
3. 5687882 


3.56890 54 
3.5690220 


3.5691397 


3.5692 568 


35693739 | 3745/3-5734518 


Num.j Logarithm. 


3711 
3713 
3713 
3714 
3715 
3716 
3717 
3718 
3719 
3720 
3721 
3722 
3723 
3724 
3725 
3726 
3727 
3728 
3729 
3730 


OO E— — 


3731] 


3732 
3733 
3734 
3735 
3736 
3737 
3738 
3739 
3740 
3741 
3742 
3743 
3744 


| 


3-5694910 
3.5696080 
3-5697249 
3.5698419 
3.5699588 


3.57007 57 
$.5701926 
1.5703094- 
?.5704262 
3.5705429 


3-5713594 


3.5 706597 
3-5707704 
3.5708930 
3-5710097 
3.57 11263 


3.5712428 
5714759 | 


3-5713924 
3.5717087 


[3761 


Num. 


3747 
3748 
3749 
3750 
3751 
3752 
3753 
3754 
3755 
3756 
37357 
3758 


3759 
3760 


3762 
3763 
3764 
3765 


3-5718252 
3.5719416 
3.5720580 
$.5721743 
3. 5722906 


| 


3.5724069 | 
3-5725231 
e. 5726393 
3-5727555 
7.5728716 


3.5739877 
35731038 | 
3.5732198 
75733358 | 


3766 
3767 
3768 
3769 
3770 


— 


Yum.7 Logarithm. 
3746] 3.573 5678 


75751878 


3.5736837 
3-573799 

3.3739154 
3.5740313 


7.5741471 


3-3742628| 


3.5743786 
35744943 
2.5746099 


125747256 
3.5748412 
5749568, 
3+57 50723 


3.5753033 
1,57 54188 
35755342 


3.5757650/ 


3.5758803| 
3.57 59956 


7.5761109 
4. 5762261 


3.5765717 
7-57 6686 

3-5768019' 
3.5769169 


3.576456 ] 


3.3770321 
3-$771470 
3.5772620) 


RTVery 


2.57 56496I 


; 


3:57737 
3.5774917 


Qqqqq 3 


[Num. | Logarithm, 


3781 
3782 
3783 
3784 
3785 
[3786 
378}? 
13788 
3789 
3790 
[2791 
3792 
3793 
[3794 
dented bl 


{. 577 0007 
3.5777215 
35778363 
35779511 
3.5780659 


3-5781806 

57582953 
7.5784.100 
3-5785246 
$.5786392 


3.5787538 
2.57 88683 
3.5789828 
3.5790973 
3.5792118 


143796 
3797 
3798 
3799 
1:00 
28 OW 
13801 
13802 
3803 
13804 
43805) 


2,.5793262 
3-5 794406 
3-5795550 
3.57 96693 
5+35797836 


3-3798979 
2.58D0121 
3.5801263 
2.5802405 | 
3.5803 547 


3.5804688 
3.580529 


;807| 
3808 
$3809 
3810|? 
3811 
13812 
3813 
3814 
3815 


3.5806969 
3.5808110 


| 


2,< 899250 | 3845 


| Num.j Logarithm.. 


3816 
3817 
3818 
3815 
3820 


35816084 
3.5817 222 
3-5818359 
5819497 


[35820634 


——— 


3821 
3822 
- 3823]? 
3824 
nay 


3.5921770 
.5822907 

5824043 
3.5825179 
3-5826314 


1b26 
3827 

1828 
3829 
3830j 
3831 
3832 
3833] 
38343 
3835 


—— 


3-5$27450 


3.5828585 
25821799 


3.5830854 
3.5831988 3865] 


25833122 1 
3.5834255 
3.5835388 

5836521 
$5857654 


3846 
3847| 
3848 
3849 
3840 
3841 
3842/2 
3843} 
3544| 


5810389 
3.5811529 
3.5812668 
2.53813807 
2.5814945 


| 3850 


3846 
3847 
3848 
3849 


3.5838786 
3.5839918 
3.5841050 
3.5842181 
3.5843312 
3.5 844443 

$5845 574 
3-5846704 
3.53847834 
3-5848963 


3.5850093 
3.5851222 
3.5852351 
35853479 


| 


| 


| 
| 


| 


Num.] Logarithm, 


3851 
3852 
3853 
3854 
3855 
3856 
3857 
35858 
3859 
3860 
3861 
3862 
3863 
3864 


3866 
3867 


3868: : 
86 


38693 
3870 
3871 
3872 
3873 
3874 
3875 
3876 


3377 
3878)» 


2.3855735 


2.5856863 


Num. 


Num.1 Logerivbm. 


3880 


3887 


3-5857990 | 3888 
3.5859117 | 3889 


3.5860244. 


2.3861370 


2.5862496 
2,5863622 
*.5864748. 
2.53865873 


3.5868123 
3.5869247 
3.5870371 
3.5871495 


— 


3.5872618 
35873742 
«5874865 
5875987 
— 


— 


3-5878232 
3.5879353 
3.5880475 
3.5881596 
3.5882717 


3-5883838 


3-5884958 
.5886078 


3879|3.5887198 


3880 1.58883 17 | 


—— 


3881 
3882 
3883 
3884. 


@rm— 


3.58894 .36 
3.5890555 
3.5891674., 
3.5892792 
3.5893910 


nth. —_—_—__ 


3890 
3891 
3392 
3393 
3894 
3895 
3896 
3897 
3898 
3899 
3900 
390I 
3902 
3403 
3 904 
3905 
3906 
3907 
3908 
3909} 
3910 
39I1 
3912 
3913 
3914 
3915 
3916 
3917 
3918 
3919 


[3-5899496 


— — 


3.5907304 


$+5910646 


As wy 


[35917322 
359184 34| 


3-5927318 


3.5928427 


3-5931753 


3.5895028 
3. 5896145 
3+5 897262 
7.5898 379{ 


— 


2.5 990612 
3.5901728 
1.5902844 
3.5903959 
3. 5995075 


3+5 9OGI 8g 


745908418 
3+59095 32 


3.5911759 
35912873 
3-5913985| 
3.591 50g8| 
3-5$916210 


1.59195 46 
3. 5920657 
3-5921768 
3.5922878 
3.5923 988 
2-5925098 
3-5 926208 


$.5929530 
2.5930644 


3.58 54607 


3885, 


3 920 


3-5932861| 


[13941 


= 


4rithm. | 


3.593 3908, 
- 5935976 
3.5936183 
3.5937290 
3.5938397 


3.5939503 
3.5 940609 


(3-5941715 


3.5942829 
3.5 943925 


13-5945030 
3s 5946135 | 
3-5947239 
35948344 
3.5949447 


| 


Num | Logarithm.y 


3956 
3957 
3958 
3959 
3960 
39061 
3962 
3963 
3964 
3965 


| 3960 


3967 
3968 
3969 
3970 


3.59505 S1 
3.595 1654 


8 [3-5952757 
3940 3.595 3860 


3.5954902 


3.595 6064 
3.5957166 
3.5958268 
3.5959369 
3.5960470 


3.5961571 
3.5962671 
3.5396 3771 
3.596487 1 
3.5905971 


3.5967070 
3.5968169 


13.5969268 


3.5970367 


3655 35971495 


| 


3971 
3972 
3973 
3974 
3975 
3976 
3977 
3978 


3979 
3989 


3981 
3982 
3983 
3984. 
3985 
3986 
3987 
3988 
3989 
3990 


3-597 2563 
3-597 3660 
3.59747 58 
3.5975855 
3.5 970952 


3.5979145 
3.5980241 
3.5981336 
3.5982423 


3.5983527 
35984022 
3.5985717 
3.5986811 
3.5987905 


3.5988999 
3.5990092 
3.5991186 
3. 5992279 
3.5993371 


3.5994464 
3.5995556 
3.5996648 
3.5997739 
| 3.59985 31 


3.5999922 
3.60O01O1 3 
3.6002103 
3.6003193 


3.6004283 |} 4020 


3.597 8048 


| 


Num. 
3991 
3992 
3993 
3994 
3995 


——— — 


3996 


| pipe 


3997 
3998| 
3999 
4000 
4001 
4002 
4003 
4004; 


4005 | 


————_— 


4006 
4007 
4008 
400g 
4010 
4011 
4012 
4913 
4014 
4015 


4016 
4017 
4018 
4OI9 


ithm. 
3,6010817 
3.6011g0g 
3.6012993 
3.6014080 
36015168 | 
3,6016255 
3.6017 341 
3.6018428 
3.0019514 
3,.6020600 


3.6021685 
3.6022771 
3.6023856 
3.002494 1 
3.6026025 


3.6027109 
3.6028193 | 
3.6029277 
3,6030361 
3.6031444 


3.6032527 
3.603 3609 
3.0034692 
3.0035774 
3.6036855 


3.0037937 
3,6039018 
3.6040099 
3.6041180 
3,6042261 


Num. Logeritbm. 


4020 
4027 
4028 
4029 
4030 


4031 


| 4032 


4033 
4034 
4035 


3.00457 38 
3.6049816 
3-6050895 
3.605197 3 
3.605 Z0fJO 


3,.6054128 
3.6055 205| 
3.9056282 
3-0057359 
3.6058435| 


4036 
4237 
4038 
403913 


3.0059F12 
3.6060587] 
3, -0001663| 
3.6062738 


494033: .6063814 


4041 

4042, 
4043 

4044 
4045 

404.6 
4047 
4048 
4049 
4050 


———  — — | 


4051 


| 4052 
4053 


4054 
4055 


—_— _— _— — 


3.6064888 
3.60659063 
3.6067037 
3.6068111 
3 {op40y 
$.6070259| 
3.6071331} 
3.6072405 
3.6073470 
3.0074550 


3,6075622 
3.6076694 
3.6077760 
3,.6078837 
3,6079909 


3.600537 3 
3.6006462 


3,6007551 
3,6008640 


3,6009729 


| 


O21 
4023 


4024] 


40253 


3,604 3341 
3,.6044421 
3.6045500 
3.6046580 
3,6047059 


4056 
4057 
4058 
4059 
4060 


3.6080979 
3.6082050 
3.6083120 


3,6084.190 


3.6085 260 | 


(Num. Logeribm. 


ll 


7.60863 30 


3.6987399 
3.6088468 


3.60895 37 


3.6090605 


3.6091674 
3.6092742 
7.6093809 
3.6094877 | 
7.6095 944 


3-6Og7OII 
3.6098078 
3.6099144 
3.6100210 | 
3.9101276 | 


3.6102342 
3.6103407 
7.6104472 


3.6105537 
3.6106602 


3.6107666 
3.6108730 
3.0109794 


4|7.6110857 


3 6111921 | 


3.6112984. 
3,6114046 
?,6115109 
3.6116171 
3.0117233 


| 


Num. [ 
4096 
4297 
4098 
4099 
4100 
4101 
4102 
4103 
4104 
4105 


| 


[4106 
| 4107 
4108 
4109 
4110 
4111 
4112 
[4I13 
4114 
4rl5 
| 4116 
4117 
4118 
4119 
| 4120 
4121 
4122 
4123 
[4124 
4125 


3,6118295 


3,6119356 
3.6120417 


7.6121478 
2.6122539 


| lras 
4127 
4128 
4129 


Logerivhm. 

3.6123599 
3.6124660 
3.6125720 
3.6126779 
3.6127839 


3.6128898 
3-6129957 
3.6131015 
3.6132073 
3.6133132 


3.6134189 
3.0135247 
3.6136304 
3.6137361 
3.6138418 


3.6139475 
4.61405 31 
3.6141587 
3.614264.2 
3.6143698 


3.9144754 
3.614580g 
3.6146863 
3.6147918 
2,6248972 


| 


| 


3,6150026 
3.615 (080 
3-6152133 
3.6153187 
7.6154240 | 


2.6155292 
3.6156345 
3.6157397 
3.6158449 


4130 


Num. 


| Logarithm. 


Nam. |Logarithm, 


4131 
4132 
4133 
4134 
4135 
4136 
4137 
4138 
4139 
4140 
4141 
4142 
4143 
4144 
4145 
4146 
4147 
4148 
4149 
4150 


poem 
4152 
, 4153 
4154 
4155 
4156 
4157 
4158 
| 4159 
4.160 
4161 
4162 
4163 
4164 


3.6159F0l 


4165 


3.010055 2 
3.6161603 
3.6162654 
7.6163705 
3.6164755 
3.616505 
36166855 
}.6167905 
3.616895 4 
3.6170003 


?,6271052 
3.0172101 
3.0173149 
3.0174197 
3-6175245 


7.0176293 
3-0177340 
3.6t78387 
3.61794 34 
3.6180481 


3.6181527 
3.6182573 
3.6183619 
3.6184665 
3.6185710 


2,6186755 
2.6187800 
3.6188845 
:,6189889 
7.619093 3 


3.6191977 
3.6193021 
2.6194064 
3.6195107 


2.6196150 


| 


| 


4166|3.6197193] 


4167]3.6198235 


| 4168[3.619927; 


4169] 3.6200319 
4170, 3-020! 36C 
3.6202402 
3.0203443 
3.0204.484 
3-6205 524 
3.0206565 


4171 
4172 
4173 
4174 
4175 
4176 
4177 
4178 
4179 
4180 


3.6207605 
3.6208645 
3.6209684. 
3.02107 24 
3.6211763 
4181 
4182 
4183 
4184] 
[4185 


——— —— 


3.6212802 
3.6213840 
3.6214879 
3.6215917 
3.6216955 


4186 
4187 
4188 
4189 
4190 
4191 
4.192 
4193 
4194 
| 4195 
4196 
4197 


3.0217992 
3.6219030 
3,0220067 
3,0221104 
3.6222140 


7,.6223177 
3.622421 3 
3.6225249 
3.6226284 
7,06227ﬀ320 


1,.6228355 
3.0229390 


| 


4198 
4199 
4.200 


3.62 3 0424; 
3.6231459 
3.6232493 


| 


| 


Num. 
4501 
4202 
4203 


4204 


| Logarizbm. 


3.0233527 
3.6234500O 


3.0235594 


i - ae 5 


4205 


4206 
#207 
4208 
4209 
4210 


4212 
4213 
4214 
4215 


3.62 36627 
3.6237 660 


3.623 8693 
3.92 397 25 
3.0240757 
3.6241759 


3,624 2821 


4211136243852 


3.6244883 
3.024595 
3.0240945 
3.0247970 


4216 
4217 
14218 
4219 
4220 


3.6249006 
3,625 0036 
3.6251066 
3.6252095 
3.6253124 


3.0254153 
3-0255182 
3.0256211 
3.62572 39 
3.6258267 


3.6259295 
3.6260322 
3.6261 35JO 
3.0262377 


3.6263404. 


3.62644.30 


3.0205457 
3.6266483 


3.6267509 


42.36 
4237 
4236 
4239 
4240 
4241 
4242 
4243 
4244 
4245 
4240 
4247 
4248 


Num 1 Logarithm. 


3.0269559 
3.6270585 
3.6271610 
3.6272634 
3.0273659 


| 
3.627468} 
3.0275706 - 


3.62767 3O 
3.6277754 
3.6278777 


3.6279800 
3.6280823 


3.6281845 


4249 
4250 
4244 
4252 
4253 
4254 
4255 
4256 
4257 
4258 
4259 
4260 
4261 
4262 
4263 
42064 
4205 
4266 
4267 
4.268 
4269 


| 
| 


L EE— 


3.6282867 
3.628388g 
3.6284911 
3.6285933 
3.62869 54 
3.6287975 
3.6288996 


3.9290016 
3.6291036 
3.0292057 
3.0293076 
3.6294096 


3.6295 115 
3.62961 34. 
3.6297153 
3.9298172 
3.6299190 


| 


Num.] Logarithm. 


4271 
4272 
4273 
4274 
4275 
4276 
4277 
4278 
4279 
4280 


3.6300208 
3.6301226 
3,.6302244 


1.6268534 


| — 


4270 


3:6303262 
3.0 304279 


4301 
4302 
4303 


3.0305 296 
3.0306312 
3.0307329 
3.630B345 
3.6309362 


3.6310377 
13.0311392 
3.6312408 
3.0313423 
3.6314438 


Num.j Logarichm.. 


4306[2.0340740 
4307[3-9341749, 
4308[3.6342757! 
4309|3.6343765 
431013.6344773 


eu —— — Z 


| 
\ 


3.63457 80 
3.6346788 
3.6347795 
3-6345E&01 
3.6349808 

1 


431] 
4312 
4313 
4314 
4315 


13.6315452 


[3.6316467 


13.6317481 
&$-6318495 


$.6319508 


3.0320522 
3.0321535 
36322548 
30323560 
[130324573 


3.6325585 
3.03260597 
3.0327609 
3.6328620 
3.0329632 


3.6330643 
3.6331653 
3.0332664 
36333674 
3:63 34685 


26335694 


3.6330704 
3.0337713 


4304|3.6338723 


3.6350814 
3.6351820/ 
3.63 52822] 
3.6353836 
3.6354837 
3.6355843 
346350848 
3.6357852 
3.6358857 
3.635 9861 


4316 
4317 
4318 
4319, 
$929] 


—— 


| 4321 

4322 
[432 

4324| 
| 4325 
4320 
4327 
4328 
4329 
4330 


4331 
| 43 32 


3.6360865 
3.6361869 
3.0362872 
3,6353876 
3-6364879 


3.6365882 
3.6366884 
433313.6367887 
4334136368889: 
433513-6369891 


4336:3.6370893- 
433713.63718944 
433813.6372895 
 433913.6373896 


434013.6374897 
—_—_——— — 


4305 3.63 39732 


"IA 


14346 


14350 


4373 
14374 


Num. | 
4341|3-6375898 | 4376 
3.6376898 | 


4342 
4343 
4344 
4345 


4347 
4348 
4349 


Ge en—nmnm— 


4351 


3.6381896 
3.6382895 | 


4352 
4353 
4354 
4355 


eithm. 


3.6377898 
3.6378898 
3-6379898 


3.6380897 


36383894 
2.6384893 


3-6385891, 
36386886 | 
3.6387887 
3.6388884 
3.6389882 


——— 


4356 
4357 
4358 
4359 
4360 
4361 
4362 
4.363 
4364 
4.365 


ES 


EE 


3.6390879 | 
3-6391878 
3.6392872 
3.6393869 
3-6394865 


Ms 


3.6395861 
3.6396857 
3.6397852 
3.6398847 
3 6399842 


4.366 
4367] 
4.368 
4309 
4370 


——_ 


q 


3.6401832 


3.6400837 


7,6402826 
3.6403 820 
3.6404814. 


4371 
4372 


4375 


4402 
4403 
4404 
4405 


CO —m—_— 


3.6405808 
3.6406802 


3.6407795 


roronRl 


4406 
4407 
4408 
4409 
4410| 


Num.| Logericbn." | 


4377 
4378 
4379 
4380 
4381 
4382 
4383| 
4384 
4385 
4386 
4387 
4388 
4389 
4390 
4391 
+392/ 
4393 
4394 
4395 


4396! 
4397 
4398 
4399 


4401 


3.041077 3 


3.64157 33 


3.6424645 


3:0425634 
3.642662 3 
3.0427612 
3.6428601 
3.6429589 


3.0430577 
3.643 1565 
3-0432552 
3.6433540 
4400, ?,0434527 


$6435514 
3-64 36500 
3-64. 37487 
36438473 
3.6439459 


3.6440445 
[3.6441430 
3.6442416 
3.6443 401 
3.64443 86 


J-6411765 
3.6412758 
3.6413749 
7.041474 1 


3-64.16724. 
3.6417715 
3.6418705 
3.6419696 


3-64.20686 
3.6421676 
3.6422666 
3.6423656 


. — 


| 44.26 


Num.'] Logarithm. 


— 


4411 
44.12 
4413 
4414 
4415 


4416 
4417 
4418 
4419 
4420 
4421 
4422 
4423 
4424 
4425 


DS 


4427 
4428 
4429 
4430 
4431 
4432 
4433 
4434 
4++35 | 
4436 
4437 
44.38 | 
4439 
4440 
4441 | 
4442 

4443 
4444| 
4445 


3-0459133 


3.6464037 


7.6474808 


30445371 
3.6446355 
30447339 
1.64483 23 | 
3.6449307 


3.6450291 | 


3-0451274. 
30452257 
3.6453240 
3.6454223 


3.645 5205 
3.6456187 
3.04 57169 
36458151 


7.64601 14 
3.6461095 
3.6462076 
3.6463057 


3.6465017 | 
3.0405997 
3.6466977 
3.6467957 
3.6468936 | 


7.6469915 
3.6470894 
3.647187 3 
1,6472851 | 
2.6473830 


3.6475785 | 


3.6476763 | 


3.6477740 


3.6478718 


| Num. |Logarithm. 


4446 
4447 
4448 
4449] 


4471}; 
3.6505018 


4470, 


3.6481 648 


3.6488477 
"kf os 


3.0493349 


3.6500160 
3,6FOI132 
3,.0502104 
5-6503075 


3.6506960 
7.6507930 


7.6508901 
3.6509871 | 
3.6510841 

3.6511811 
3.6512780] + 


3-6479695 
3.640671 


3-6482624| 
3-648 3600 


3-6484 576 
FE g2382) 
3-0486527 
3.6487 502 


3.648945 l 
3.0490426 
3-0491401 
3.0492375 


3.6494.322 
3.6495 296 
3.0496269 
3.6497 242 
3.6498215 


WI ———— —— 


dhceprd)! 


$,6504047 


2.6505989 


tt 


3.640978 I 


%, 
\- 


- 


the. 


Num. 


—— 7 


[3+65 17624. 


MILE 
[3+05 13750 
3.6,14719 
3.6515687 
3.55 16656 


3.65 18593 
36519561 
3,6520528 
3.6521496 
$60522463 


$-6523439 
56524397 | 
$.6525364. 
3.65263 31 
3.6527297 


366528263 
3,6529229 
3.6530195 
3.6531160 


45or\ 
4502 
4503 
4504 
4505 
4506 
4507 
4508 
{4509 
4510 


> 


wap 
4512 
4513 
4514 
4515 


| 3.6540802 | 


3.6532125 


75533090 
3-653405$ 
J.6535019 
3.65 35984 
3.6536948 


3.6537912 
3.65 38876 
2.65398 39 


3.0541765 


Num.j Logarnhnm, 
451613-0547539 
4517135548501 
4518] 3-6549462 
451913-0550423 
4520{3.6551384 
4521|36552345 | 
4522|3-6553306 
4523] 2-6554266 
| 45 24] 3-65 55226 
45251 3.6556186 


Ly 
4527 
45 28 
4529 
4530 


3-65 57145 
3.6558105 


3-55 59064 


3.6560982 
3.6561941 
3-6562899 
3-6563857 
3.656481 5 
3.6565773 


4531 
4532 
4533 
4534 
4535 


nn 


4536 
4537 
4538 
4539 
4540 
4541 
45 42 
4543 
4544 
4545 


—— — 


3.6566730 
3.6567688 
3.6568645 
3.05 69090 
3.6570558 


— 


3.6571515 
1.0572471 
3.657 3427 
3.6574383 
3.6575339 


3.6542728 
3.05 43691 
7.05 44653 


7.6545616 | 454913.6579159 
2.6546578 1 45593.65801 14 


45461 3,.6576294 
454713.6577250 
4548|3.6578205 


3.0560023 | 


Num.r Logarichm. 


4531 
4552 
4553 
4554 
4555 
4556 
4557 
4558 
4559 
4560 
4561 
4502 


3.0581068 


2.658202 
3-6582976 
3.6583930 
3.6584884 


3.6585837 | 4591 
3.6586790 | 4592 


3.6587743 


3.6588696 
3.6589648 
— MoKA 


3.0591553 


3-6592505 
3.6593456 


3.6594408 


$#0595359 
3.06596310 
3.6597261 
3.6593212 


7.0599162 


3.6600112 


3.6601062 
3.6602012 
2.06602962 
13-0603911 


7.6604860 
2.6605809 
3.6606758 
3.0607706 
3.660865 5 


4582 


2.6609603 
3.6610551 
2,6611499 
3.6612445 
2.6013393 


A— 


| 


Num.j 
4586] 
4587 
4588 
4589 
+590] 


—————— 


4593 
45 94 
4595 
4596 
4497 | 
4598 
4599 
4600 
4601 
4602 
4603 
4604 
4.605 


—— -- 


4.606 
4607 
4608 
4609 
4610 


— 


4611 
4612 
4613 
4614/ 


Rerrre 


[36528523 


3.6639835| 
3,6640776 
461513 6641717 


461613.664265+' 
4617[3.664359% 
4618]3 6644539: 
451913. 664548c 
462513,064642C 


Logernbm. 
3.6614340 
3.6615287 
3.6616234; 
3.6617181 
3.6618127 


3.0619073 
3.6620019 
3.6620964, 
3.6621g910 
3.6622855 

A 
3.6623 800] 
3.6624745 
3.6625690 
3.6626634 
36627578, 


3.5629466 
3.6630410 
3.0631353 
3.6632296 


3.6633239 
3.6634182 
3,.6635125 
3.6636067 
3.6637009 


3.6637951 
3.6638893 


Num 


Num: Logarnhm, 


Legarrthm, Num. Logerithws, | Num. Logarubn, © 
462113-6647300 | 465613-0080130 | 4691|3.6712654 | 4726[3.67449%7 
4622] 3.6648299 3.6681062 | 4692|3.6713580 | 4727[3.6745856 
46231 3-6645239 3-668 1995 | 4693[3-6714506 | 4728|3.6746775 
4624|3.6650175 3-6682927 | 4694| 36715431 | 4729|3-6747693 
4625[3-6651117 3.6683859 469513.6716356 | 4730 3$.6748611 
4626] 3.665 2056 | 466113-6684791 | 4696136717281 | 4731 3.6749529) 
4627|3-6652995 3.6685723 | 4697 46910205! 4732|1657 50447 
4628] 3.665 3934 3.6686654 | 4698] 3.6719130 | 4733136751365 
4629] 3.6654873 | 3.6687 585 | 4699(3-6720054.j 4734136752283 
4630] 3.6655810| 3.6688516 | 4700]3.6720979 | 473536753200 
| hg 4 4 UC OP 11 | 
{46311 3-6656748 | 3-6689447 3.6721903 [| 473613.6754117 
4632|3.6657685 3.6690378 | 4702] 3.6722826 | 473713.6755034 
463 3| 36658623 3-6691308 | 4703] 3.6723750 | 4738|3.6755951 
46 34] 3.6659560 3.6692239 1 4704|3-6724673 | 47 39|3-6756867\. 

1463513.6660497 3.6693 169 | 470513.6725596 | 474013.6757783 
4636 26661434 3.0694099 | 4706] 6726519 | 4741] 3.6758700 
4637\3.6662371 | 3.669 5028 (4797 36727442 | 4742|3.6759615} 
4638; 3.65663307 36695950 47081$.6728365 | 47431367605 31 
4639|3.6664244 3.6696887 | 47091 3.6729287 | 47 4413.6761447 
4640| 3.6665180 3.6697816 | 4710] 2.6730209 | 4745[3.6762362 
4641{7.6666116 3.669874 5 3.6731131 | 4746{3.6763277 
14642|3.66670FT ] 3.6699074 | 471213.6732053 | 4747136764192 
4643|3.6667987 3.6700602 | 471313.6732974 | 474$|3.6765106 
4644] 3.6665922 | 3-0701530 1 471413.67 33896 | 474913-6766022 
46451 3.6669857 | 3-6702459 | 471513.6734817 | 4750}3.6766936 

——_— | ENEGPIIY _ mn | —— — 
4646] 3.6670792 3.6703386 | 4716|3.6735738 | 475113.676785c 
14647 |3.6671727 1.6704314 | 4717] 2.6736659 | 4752|3.5768764] 
46481! 3.667 2661 3.6705242 | 4718; 346737579 | 475313.676967+ 
4649] 36673595 3.6706169 , 4719\ 7.6738500 | 47 54/34677059- 
1455c|3.6674530 3.6707096 | 4720} 3.6739420 | 4755|3-6771505 
4851 3-6675463 26708023 { 47211 3.6740340| 475613.6772415}. 
46 521:,6676397 | 3.6708950 | 4722|3.6741260 | 4757136773332} 
465312,.6677331 1468813.6709876 , 4723|3.6742179 \, 475813.6774244| 
46 547.667 8264 3.67 10802 | #724 3.6743099 | 4759 3,6775157 | 
4655 2,6679197 3.6718728 } 4725 2.6744018, 476Cc 3.6776069| 


XU 


{Num.j Logerirhm. | 


| Num.{ Logarithn, | 


{476135776982 


4763 |3-$778806 
476413-$779718 
47653-6780629 


OC IT ah 


4766|3.6781540 
| 4767136782452 
47681 3.6783 362 
4769] 36784273 
$770] 1.6785 184 
14771] 3-6786094 
4772] 3-67 87004 
$773] 3-6787914 
4774[3-6788824. 
| +77513-67897 34 
4$776|3-6790643 
$777] 3-6791552 
1477813-6792461 
4779|[3-6793370 
4780[3-6794279 


478113.6795187 
+782] 3.6796096 
4783[3.6797004. 
4784|3-6797912 
478513 6798819 


478713.6800634 
14788}3,6801 541 
4789[3.6802448 
4790] 3.6803 355 
Cs {ro ————s 
479113.6804262 
4792[3.6805 gf 
4793] 3-6896074 
4794 3.6806980 
4795'3.6807886. 


476213-6777894 | 


4786]3 6799727 | 


| 


4796 
4797: 
4798 
4799 
4800 
4801 
4802 
4803 
4804 
4805 
4.806 
4807 
4808 
480g 
4810 
4811 
4812 
4813 
4814 
4815 


4816] 


4817 
4818 
4819 
4820 
4821 
4822 
4823 
4824 


4825] 


—— — 


4826 
4827] 
4828 
4329 


[3.05805792 
3.6809697 
3.6810602 
3.6811507 
3,.6812412 


3.6813317 
3.6814222 
2.6815126 
3.6816030 
3.6816934 


36817838 


2.68 19645 


3.6821451 


36822354 
$.63$23256 
3.68241 59 
3.6825061 
3.6825963 


3.5826865 
3.6827766 
3.6828668 


3.6829569 | 48 


76830470 


3.6818742 \} 4842 
7.6820548 | 48 


- 


[en LgVbs 
4531 3-0840370 
483 2[3.684.1269 
4333136842168 
4834] 7.684.3 066 
4835] 3.6843965 
4836 
4837 
4838 
4839 
4840 


4841 


3.6344 863 
3-684576 
7.684665g 
3.6847 556 
3.6848455 


3-6849351 
3-6850248 
3.6851145 
3-4852041 
[3-68 5293$ 


4843 

44 
4845 
| 4846 
4847 
4848 


4349 
4850 


4851 | 
48352 


3.685 3834 
3.6854730 
3.685 $626 
3.6856522 | 
3:6357417 


3.6858313 
2.6859208 
485 3] 3.6860103 
$4] 3.6860998 
4855, 3.6861892 


3.683 I371 
3.6832272 
3.6833173 
36834073 
3.6834973 


3.683587 3 
3.6336773 
3.683767 3 
36838572 


4830! 


485612.6862787 
4$5712.6863681 { 
4858: 3.6864575 
4859|3.6865469 
4860] 3.6866 363 
4861 
4862 


4863 


3.6867 256 
3.6868149 
3.686904 3 
4864|3.6869936 


3.6839471 | 


Num. {Logerichn, 

4866 36871721 
486713.6872613 
4$68[3.6873 506 
4869] 3-63 74398 
4870136375290 


3-6876181 
3.687707 3 
3-6877964 
3-6878855 
3.6879746 


3.68806 37 
3.6881528 
3-6882418 
3.6883 308 
3.6884198 
3.68$5088 
3.688 5978 
3.68 $6867! 
3.63887756| 
7.6888646| 


4871 
4372 
4873 
4874 
[4575 


CO ——————m———_—— 


3.68895 35 
3.689042 3 
7.6891312 
3.63892200 
3.5893089 


3.6893977 
3.5894 864 
3.68957 52 
3.6896640] 
3.6897527 


48961 3.68984.14 
4897 | 3.6899301 
4898} z.69001 88 
4899] ;.6901074- 


4865 2.6870828 


4900[ 3.6g0196n1 


Rerer 2 


4506 
14907 
| [4908 
4909 
[4910 
4911 
4912 
4913 
4914. 
4915 


FEED 


4902[3.6903733 
h902|199973 
490 3| 3.6905505 
4905! 


3.6906390 


36907275 
3.6908161 
3.6909046 
3.6909930 


3-091 1699 
3.6912584 
3.691 3467 
3.0914352 | 
3.5915235 


4916 
4977 
4918 
4919 
4920 
4921 
4922 
4923 


pole 
4925 


4926 
927 
[4928 


3.6917002 
3.6917885 
2.691 $768 
3.69196F1 


?.6p10Bry | 


:.6916119 | 


4930 
4937 
4938 
4939 
4940 


_— 


Num.þLogarithm. 


7.0933752 
J-09934031 
3.693551 
3.6936390 
3.6937269 


4941 
4942 
4943 
4944 
4945 
| 4946 
4947 
4948 
4949] 
4950 


3.6938148 
3-0939027 
7.69 39906 
3.6940785 
3.6941663 


3-6942541 
3.6943419 
3.6944297 
71.6945174 
3.6946052 


| Num. | Logerichm. | 


4971 
497 2 
4973 
4974}* 
49735 


—— 


4976 


4977| 


4978 
4979 
4980 
4981 
4982 
4983 
4984 
4985 


3-0964438 
3.0965311 | 
7.6956185 
E 5967058 
3.6967931 


3.6968804 
3.6969676 
1.0970 549 
7.0971421 
3.6972293 


3-6973165 
3.6974037 
3.6974909 
3.6975780 
3-097 6652 


4951 
4952 
4953 
4954 
4955 


3-6921416 
3.6922298 


$ EpSyOu 


2.6924944 
3.6925825 
[7.5920707 
3.6927588 


l 


3.6939350 


4932|3.6930231 


4934] 3.6931991 
35" 3.6932872 


3.6920534 | 


26923189 | 


3.6928469 | 


3.6947806 
3.694368z 


3.6950437 


3.9951313 
3.6952189 
$.6953065 
3.695 3941 
2,6954817 


3.695 $692 


3.6958318 
3.095 9193 


2.6960067 


3,.6960942 
3.6961 816 


3,.6962690 
7013.6963564 


3.6945929 1 


3.694.9560 | 


3.6956568 
3-5957443 4 


> | 


4986 
4987 
4988 
4989 
4990 


3.6977523 
3-69783 94 
3.697 9264. 
3.69801 35 
3.6981005 


4991 
4992 
4993 


4994 


4995 


| 4996 


4997 
4998 
4999 


FOOO 


—  — 


| 5OQI 
FOO2 


J003 


5004 


3005 


3.£981876 
7.6982746 
3.6983616 
3.6984485 
3.6985 355 


7.69862 24. 
3.6987093 
36987963 
2.69888 z1 
3.6989700 |] 


3.69914.37 
3.6992305 
3.6993173 
2.6994041 


ORIG: - 
3.6990569 


[Nem; 


[Logarithm. 


5006 


Forr, 


FOI2 
FOr3 
5014 
goI5 


FOIG 
For7 
5o18 
foIg 
FO2O 
F021] z 
$O22 
FO23 
5024 
5025 


— 


—_ 


5026; 


5027 
$028 
| $029 


5030 


| — 
FO31 
5032 
$93313 
$034 
$035 


813.6996643 


5036|3,7020857 
 $0371347021719 
503813.7022 582 
 $03913.7023444 
| 504013.7024.305| 


36994908 
3.6995776 


3-6997 510 
3-6998377 


3-6999244 
3.7000111 
3-7000977 
3-7001843 
3.7002709 


3-7003575 
3.700444 1 
3-7005307 
3.7006172 
3.7007037 


37207 902, 
3.7008767 
3-7009632 
3.7010496 
37011361) 


J.7012225 
3.701308g9 
37013952 
3,7014816 
3.7015680 


2,7016543 
3-7017406 
7018269] 
3.7019132 
3.7019995 


Num. Logarithm. 


3.7025107 
3.7026028 
3.70268g90 


3.702775# 1. 
3.70286132 |, 


3.7029472 
3.7030333/ 
3-7031193 


3-7032054 | 


3.703294 


3.7033774 
3.7034633 
3.703 5493 
3.7036352 
3,7037212 


3.7038071 
3-7038929. 
3.7039788 
3,7040647 
3.7041505 


3.7042363 
3.7043 221 
3.7044079 
3.7044937 
3.7045794 


3.7046652 
3.7047509 
3.7048366 
3.7049223 

3.7 0650050 


507113.7050936 
3-7051792 
3.7052649 
3.7053 505 


27513.7054360| 


5076 
$077 
5078 


Num | Logarithm._ 


3.705 5246 
3.7 056072 
3.7 056927 
3.705 7782 
3.7058637 


3.705 9492 
3.7060347 
3.7061201 | 
3.7062055 
3.706291 0 


3.7063764 
3,7064617 
3.7065471 
3.7066324 
[3.7067178 


3.7068030 
3.7068884 
3-7069737 
3.7070589 
3.7071442 


3.7072294. 
3.7073146 
3.707 3998 
3.7074850 
3.707 5702 | 


— 


3.7076553. 
3.7 077405 
3.7078256 
3.7079107 
3.7079957 


3.7080808 
3.7081659 
3,7082509 
3.7083359 


”s 


3.7084209 


| 


5140 


'FI41 
"$142 


$145 


Num. Logerithm. _ 


F111|3,7085059 
F112[3.7085908 
511313.7086758 


$114{3.7087607 


oh 


F125 


FI16 
5117 
F1x8 
fig 
F120 


—— 


FI2I 
FI22 
J123 
5124 
5125 
F126 
| 3127 
5128 
5129 
5130 


—— 


FI31 
F132 
5133 
5134 
5145 


—o——_— 


5136 
5137 
5138 
$139 


— 


5143 
5144 


- SIO IM 
37110476 


3.7088456 


3.7089305 
3.70g0154 
3.7Q9IO03 
3.7091851 
3.7092700. 


3:7093548 
3.7094.396 | 
3.7095244 
3.70960gl 


[54 


Num] 


Loparithm. 


$146 
$147 
5148 
$149 
5150 
F151 
F152 
Fl53 
5154 
5155 
[5156 
$157 
[$150 


5159 


3.7096939 


3-7097786 
3.7098633 
3-7099480 
3.7100327 
3.7101174. 


3.7102020 
3.7102866 
3-7103713 
37104559 
37105404 


3.7106250 
3.7107096 
3-7107941 
3.7108786 
3.7 109631 


3.7111321 
3.712165 
3-7113010 


5160 


s : 


FIG1 
- F162 
F163 
$164 


FIGF]3 


— —  — 


$166}; 


5167 
5168 
5169 
$170 
5171 
F172 
FI73}; 


317413 


5175 
5176 
5177 
5178 
$179 


3,7 114698 
3-7 115542 
3-711638z 
3.7 117229 
3.7118072 


3,7118g15 
3-7 119759 
3.7120601 


397121444] 


3.712 2287 
13-7123129 
3.7123971 
[3-7124813 
37125655 
3.7126497 


3-7127339 
3.7128180 
3.712902t 


3.7129862 | 


7130703 


3.7131544 


3.7132385| 


3.71.3 322J 
3.7 134065 


<7 I 34905 


37135745 
3.71.36585 
3-7 137425 
7135264 
3.71.59104 


3.7139943 


3.7140782 


3.7 141620 


3.7142459] 


3.7113854 


52380 


3.7143298] 


|Naos.1 Logo7rbm. 


| 


| 


$321 
$322 
5323 
$324 
$325 
$326 
5327 
5328 
$329 
F330 


= 
5332 
$333 
ot 


{5335 


| — 


5339 
J340 
$341 
5342 
5343 
5344 


05345 


— 


5345 
$347 
5349 
5350 


5351 
5352 
5353 


$336] 
$337 
45338 


{bhp abr” 1914. 


3.72 59933 
3.7260749 
3-7 261505 
3-7262380 
3.7263196 


3.7264012 
$.7 264827 
2.726$64.2 
3-72664-57 
3.7267272 


| 3.726B087 
3.7268g01- 
3.7269716 
3-7270J31 
3-7271344 


$.7272158 
$-7272972 
3.7273786 
3.7 274599 
37275413 


3.7276226 
$-7277039 
2.7277852 
1.727 $664. 
3.7279477 


3.7280290 | 
j.7281101 


3.7282726 
3.7233538 


5356 
5357 
5358 


5359 
5360! 


3.7289216 
J-7 290027 
3.72g0838 
$.7291648 


5361 
5362, 
5363: 
5364- 
$365 
5366 
5307 
| 5.368 
[5369 
$370 


$371 
$372 
$373! 
$374 
5375 
5376 
$377 
5378 
5379 
5380 


5381 
5 
5383 
5384 


53854 


| — — 


2.7285161 


3.7235972 
2.5286784 


3-7284349 | 


5386 


3.7292458 
3.7293 268 
[7-7 294078 
3.7294688 
3-7295697 


3-7 296507 
3-7297316 
2.7 298125 
3-7298934 
3-72997 43 


5393 
5394; 
5395 


$396 
5397 


iſ 


=_ 
5399 
$400 
| F 401] 
5402 
5403 
$404: 
5495 


3.7300551 
3.7321360 


3-7302768 


3-7 302977 


3-7303785 


3.7 304593 
3.7 305400 
2.7 306208 
4.7 3ZOFOITS 
3.7 307823 
3.7 308630 
2.7 309437 
1.7 310244 
9.7311551 
3.7311857 


3.7312663 


5387 
5388 


5389 


4.733470 
J.7 314276 
3.731 50B2 


Pa. 


| 5406 
$407 
5408 


3409 
5410 
F411 
5412 
5413 
$414 
5415} 


—— 


5416 
5417 
54181 


5420! 


5421 
F422 
5423 
5424 
F425 


13-7329564 
13-7330367 


3-7335985 


"Num;T Lagariches. | Num.] Logarizbm. 
3-7288406 | 5391 
[3593 


3-7 316693 | 
$.7317499 

37318304 
3.7319109 
3-7 319914 


3-7320719 


$-7321524-1 


3.7 322329 
3.7323133 
3.7323938 
3.7324742 
3-73 25546 
3-7326350 
$-7327153 
37327957 


3-7328760 


$-7331170 
$-7331973 


Na 
5420 
$427 
5428 
$429, 
5430 
$431 
$432 
$433 
$434 

$435 

5436 
$437 
9438 
$439 
$440 
$441 
5442 
$443 
5444 
5445 


3-7332775 
3-73 33578 
3-7334380 
3.7335181 


$-7336787 | 
$-7337588 
1,7338990 
3-73 39191 
neg 


3.7 340794 


9.7 341595 


37342396 
5.7 343197 | 
3.7343997 


— 


2.7287595 1 53901 7.731 5888 


546 


5447 
5448 
5 449) 
5450 
$451, 
5452 
5453 
$454; 
$453 
5456 
$457! 
5458: 
545D 


3-7 30035 F/ 


1 


3.7 344798 
37345 598 
3+6346398, 


37347198 
oo 
3.7348798 
$-7350397 


37351196 
$73 51995, 


3-73 53593 
$7 354392 
3*7355191 


3.73 $6787 
37357585 


3-73 59979 


3:7360776 


3.7363965; 


— 


3.7 364762) 
3-7365558 


37367151 
3.7 367948] 


3-73 687 44 
7.7 369540! 
37370335 
$:7371131 


546002.737 1920) 


3-7 349598 | 


Je73 52794 | 
J+-735598 | 


3-73 383831 
3.7359181| 


3-7361 574} 
37362371 
3.7363 168} 


FI 7 


5182) 


5183 
5184 


$186 
5187 
8 188 
518 
{$190 
FI91 
5192 
F193 
$194 
5195 
15196 
$197 
[5198 


15201 
[5202 
J203 
5204 
3205 


5206 
5207 


$5r55 


arit 


3.7144136 
3-7144974 
$.7145812 
3.7 146650 
3.7 147488 
3.7148325 
3,7149162 

3.7150000 | 
3.7150837 
— Haviat 
3.7152510} 
37153347 
3.715418; 
3.7155019 
37155856 


3.7 156691 
37157527 | 


5199[3.7159198' 
520013.716003 3 | 


—} —— I eee 


37158363 


| 


3.7160869 
3.7 161703 
3.7162538, 
3.7163373 
3.7164207 


3.7165042 | 
3.7165876 


5208 
5209 
5210 


— — 


g2rr| 


5212 3.7170044 
521313-7170877 
$214[3.7171710 
[6225] 


3.7166710 
3.7167544 | 
3.7168377 


3.7169211 


3.7173376 
3$.7174208 
3.7175041 | 
3.7173873 
3.7276705 


3-7177537 
3.7178369 


522613.7181694. 

37182525 
3.7184186 
37185017 | 


$231 
$232 
5233! 
5234] 
$235 
5236 
$237 
5238 
5239 
5249 


5241 


3.7185847 
3.7186677 
3.7 187507 
3.7188337 
adacces 


3.7189996 | 
3.7190826 
3.7191655 
3.7 192484 
3.7193313 | 


3.7183356 


3 


3.719442 
3.7194970 
$i 44d 
3.7196627 
3.7197455 | 


5242 
5243 
3244| 
5245 


$246 3.7198283 
$247[3-7199111 
$248[3.7199938 þ 
5249[3.7200766 


3 
3 


3.7202420 
37203247 
3 
3.7204901 
3.7205727 


37206554 
3.7207380 
3.7208256 | 
3.7209032 
526 | $.7209857 


3.721068} | 
3.7211508 
3-7212334 
3.72I13159 
3 


3.7214809 
3 
3.7216458 
37217282, 
3.7218106 | 
3.7218930 
3.721975 

3722057 

3.722140! 
[oY EPIMPY 


7223048 
$7228 871 
7224694 
3. 
3.7226339 


arimm. 


7204074 


7213984. 


»7215633 


7225517 


3.7172543 


$250R.7201593 


285! 


37227162 
3. 
3.7228806 
3.7229628 
347230450 


7227984 


OC In dy 


$286|3,7231272 
52871 3.72 32093 


3.6233736 
3.7234557 


| $28 
3290 


37235378 
$.7236198 
3.7237019 
3-7237839 
3.723 8660 


F291 
5292 
5293 
5294 
5295 
$296 
$297 
5298 
5299 
53090 
5301/3.7243578, 
$322 3-7244397 
5393137245216 
5$304[3.7246035 
5305[3-7246854, 


—— 


3.7239480 
3.7249300 
3.7241120 
3.7241939 
3-7242759 


—— 


5288]3.7232914| 


5306 
$30713. 
53083. 
$309 


$310{3.7250945 


5311 
5312 
5313 
5314 
5315 
5316 
5317 


37251763 
3.7252581 
3-7253 

37254215 
3$.7255033) 


3.7255850 
3.7 256667 


5318 
5319 


3.7257483 
3.7258300 


$32013.,72591 16, , 


137247672]. 


2 T x - 
£ v — 


TT 

5401137372722 
$462 $.3373517 
$463] 37374312 
$464] 37375107 
5465! 3-7 375902 
5466 
5467 
5468 
15499 
5470 
5471 
[97s 


Ds 
[3.7 377491 
3.7 378285 
3-7379079 
3-7379873 


7.7 380667 
2.7381461 
3.7 332254 

3,7383048 
37383841 


5473 
$4743 
5475 


Cm 


Num. Logarithm.. 


5499] 


5497 
5498 


$499 3-7+ 
3-7403627 


5500 
FFO1 
5502, 
5503 
5504 
F505 
5506 
5597 
5508 
5509 
5510 


3.7490467' 
3.7401257 
3-7402047 
3.7402837 


3.7404416 
3.7405206 
j.7405995 
37406784. 
$-7407573 


3.7408362 
3-7409151 
3-7409939 
3.7410728 
3.7411516 


9.7 384634 
3-7 385427 
3.7386220 
3.7387013 
3.738706 


5470 
15477 
5478 
$479 
15480 
5481 
5482 
5483 


37388598 
2.7 329390 
2.7 390182 
{.7 390974 
3.73 91766 


3-7 3925.58 
3-7393350 
d 13-7 394141 

3-7 394932 
2.7 395723 


— 


| 5515 


SSI 
F512 
$513 
5514 


——— 


FFI16 
5317 
5518 
$519 
J520 


| 


F321 
Tos 
5523 
J524 
5525 


3491; ?.7 396514 
5492. 3.7 397305 
5493 |3.73980965 
5494 2.7 398856 
[$495 7.73 99677 


Ma” 


[ 


5526; 
3527 
5528 


$529 
5 553912 


3.7412304 
3.7413092 
3.7413880 
3-7414668 


--a thank 


3.7416243 | 


3.7417039 
37417817 
3-7418604 
3.7419391 
3.7420177 
3.7420964 


2.7 421750 


$.7422537 
3-7423323 


2.7424109 
37424895 
3-742 5680 
3-74264.60 
2.7427251 


| 


| 
| 


= 


Num, Logerichm, 


$53! 
$533 
5533 
$534 
3535 


$536 
$537 
5538] 
$539 
5540 


$541 
5542 
3543 
$544 
3545 
5546 
$347 


5548} *. 


3549 
3550 
$551 
3552 
5553 
$55% 
5555 


3-7443712 


3.7428937-| 5566 
3.7428822 | 5567 
3-7429607 | 5568 
3.7430392 | 5569 
3.7431176 5570, 


$-7431901 
$-7432745 
$.7433530 
147434314 
3-743 5098 


5371 
5572 
$573 
5574 
5575 
5570 
$577 
5578 
$579 
5580 


—— — — 


307435881 
3-7430065, 
3-7437449 
$-7438232 
3-7439015 


5581 
| 5582 
5533 
3584 

5585 
55386 
5587 
5588 
5589 
5590 


| — 


3.7439799 
3.7440582 


3.7442147 ' 
3-7442930 | 


37444495 
3.7445 277 
3.7446959 
3.7446041 


5556 
5557 
$559 
5J5$9 
5560 
5561 
5562 
5563 
5504] 
5565" 


3-7447622 | $591 
3-7448404 | 5592 
2,7449185 | 5593 
37449907 | 5594 
247450748 | $595 


| 
3.7478001 


Nym | Legoricbu 


3-7470232 


37455434 | 
$47456212 
37456992] 
$+7457772 
3:74585 52 
27459332| 
$.7460111 
3-74608g0 
3.7461670 
3.7462449}| 


1+.7463228 
3.7464006 
307464785 
347405 564 
3$-7406342 


3.7467120 
3.7467898 

3.7468676 | 
3.74094 54 


3.7471009 
3-7471787 
$.7472564- 
3.7473.341 
37474118 


3.7474895 
3.7475072 
1-7476448 
3 7477225} 


5596 
5597 


3-7451529 
37452310| 
7.7453091 ! 5598 
2.7453871 | 5599 


1245960) 5600 


3.7478778 
3.74795 53! 
3.74503 29 
3.74811095 
00! $.748 1889] 


Num. j Logariehm. | 


5601 
5602 
5603 
5604 
5605 


5606 
5607 
5608 
5609 
F610 
FGII 
5612 
FOlr3 
5614 
5615 


LO "_ 


15617 


5616 


5618 
5619 
5620 


5622 
5623 
5624 


— 


[5627 


5625 


3.7482656 
3-7483431 
3.7484206 
3.7484981 


3.7485756 


3.7486531 
3.7487306 
3.7488080 
3.74388 54 
3.7489629 


3.7490403 
3.7491177 
3.7491950 
3.7492724 


3.7493498 | 


3.7494271 
3.7495044 
3.7495817 
3.7496590 
3.7497 363 


3.7493136 
3.7498908 
3.7499681 
3.7500453 
3.7501225 


562613-7501997 
562713.7502709 


15634 
56275|3.7508939 


:629/ 
5630 
5631! 
5632 
5633 


5628, 3.750354! 


3.7504312 
3.7 505084 


3.7505855 
3.7 506626 
3.7507 398 
3.7508168 


| 


5636 
5637 
5638 
5639 
5640 
5641 
5642 
5643 
56 

5645 


5646 
5647 
5648 
5649 
5650 


— 


$651 
5052 
5653 
5654 
5655 


Cu — —  — 


| F656 


5057 
5658 
5659 
5669 
5661 
5662 
5663 
5664 
5 065 
5666 
5667 
$668 
5669 


"Num 7 Logarithm. 


$670 


3.7509709 
3.7 510480 
3.7511251 
3.7 512021 
3.7512791 


3.7513561 
3-7514331 
3.75 IFIOO 
3.7515870 


3.7516639 | 


| —— —— _— 


37517409 
3.7518178 
3.7518947 
3.7519716 
3.7520484 


3.752 I253 
3.7522022 
3-7522790 
3.7523558 
3.7524326 


7525094 
3.7 525862 
3.7526629 
37527397 
3.7528164 


Num.j Logerithm. _ 


5071 
5672 
5673 
5674 
5675 


3.7536596 
3.7537362 
3.7538128 
3.7538893 
3.7539659 


3.7540424. 
3.7541189 


813.7541954 


3.7542719 
3.7543483 


3:7 $442.48 
3.7545012 
3.7 545777 
3.7 540541 
3.7547395 


3.7 548069 
3.7548832 
3-7 549596 
3-75350359 
3.75 FIIZ3 


3.7551886 
3.7552049 
3+75533412 
397554175 
3.7554937 


3.7528932 
3.7529099 
3.75 30466 
3.7531232 
3.753 1999 


3.7532766 
3.7533532 
3.7 534298 
3.75 35065 
$.7535831 


3.7555700 
3.7556462 
3.2557224 
37557987 
3.7558749 


3473 5$95J1O 
3.7 560273 
3.7561034 
3.7561795 
3,7562556 


| $732 


T Num. Logarithm. 


5706 
5707 
5708 
5709 
F71O 
F711 
5712 
J713| 
5714 
J715 
5716] 
$717 
5718 


F721 


5722137575479 


5723 
5724 
3725 


— — 


$726 
5727 
5728 
5729 
5730 


—— — 


3731 


3733 
3734 


5735 


[3.7565 600 


ST 
5720h 7573960 


367503310 
307 564079 
3.7 564840 


3.756630] 


3,7567122 
3.7 567882! 
3.7568642 
3+7 569402 
3.7570162|} 
17570922) 
3.7571682 
3.757 2441 

3.757 3201 


— 


3.7574719 


3.7576237 
3.7 570996 
37577755 


3.7578513 
3.7579272] 
3.7580030 
3.7580788 
3.7581 546 


3.7582304 
3.7583062 
3.7583819 
3.758457; 
3.7585334 


5736 
5737 
5739 
5739 


3.758684! 


3.75586091 


3.7587605 
3.758836: 


5740 


3.753911 


5/41 
$742 
3743 
15744 
5745 
57406 
3747 
$748 
5749 
5750 
575! 
5752 
15753 
$7 54 
5755 


Num. Logearahm, 


3.7 399875 
3.7590632 
3.7591388 
3-7 $92144 
3$+7 5 92900 


3.7593656 
$.7 594412 
3.7595168 
3-7595923 
3.7596678 


37597434 
7 598189 
$7 5938944 
3.7599099 
3.7000453 


| 5786 


Nuw. Logzrithm. || 


$7751 3.7616272 


$777 
5778 
$77913 
5780 
5781 
5782] 
F783 
5784 
F785 


—— 


5787 
5783 
5789 
5790 


3.7617024 
3-7617775 

3.7613527 
[3-7619278 


3.7620030 
3.7620781 
$.7621532 
3.7622283 
3-7623034 


13-7623784 


3-7624535 


-762528)5 | 


3.7626035 
3.7626786 


E 


$811 


| 5812 


| 


F813 
5814 
5815 


INum,j Logerithm, 


3.7642509 
3.7643256 
37644003 


| jNum 
5846 
5847 
-_ 


3.7644750 | 5845 
3$.7645497 | 5850 


$816 


5817 
5818 


— } 


3.7646244 | 5851 
3.7646991 | 5852 


3$.7647737 


5819] 7.7648484 
5820] 3.7649230 


I — 


F821 
5822 
5823 
5824 


5825 


$750 
$757 
5758 
$799 
5760 


37601208 
3.7 601962 
2.7 602717 
3.7603471 
1.7 604225 


F761 
Noa 
$763 
H90S 
57065 
5766 
$767 
5768 
57069 
5770 
$771 
$774 
$773 
$774 
15775 


3-7604979 
3.7605733 
2.76064.86 
3.7607240 
3.7 607993 


3.7608746 
4.7609500 
3.7610253 
3.7611005 
3.7611758 


5791 
5792 
$793 
3794 
5795 


rm ——— 


| 5796 
$797 


5798 


' $799 
$700 


Þ ———— 


5801 
5802 
5803 
5804 
5805 


3.7627536 
3.7628286 
3.7629035 | 
3.7629785 
3-7630534 | 


3.7631284. 
3.7632033 
3.7632782 


3.7634280 
3.7635029 
3-7635777 
3.7636526 
3.7637274 
3.7538022 


3«7GI25HI 
3.7613263 
7,7614016 
2.7614768 


3.7615520 


L E—— 


3-7641014 
013.7641761 


3-7633537 | 


| 


5826 
5827 
5828 
| 5829 
5830 
F831 
5832 
5833 
5834 


58351 


37649976 
3.7650722 
3.7651468 
3.7652214 
3.7652959 


3.7653705 
3-7654450 
7.7655195 
3.-7655941 
3.7656686 


3-7657430 


3-7658175 | 


3.7658920 
3.7659664. 
3.7660409 


5836 
583713 
58381; 
5839 
5840 


3.7638770 | 5841, 


3-7661153 
7661897 
.7662642 

3:7663385, 

1.7664128 | 


— 


3-7664872 


3.7639518 | 5842[3.7665616 
3.7 640266 


5843] 3.7666359 
5844] 3.7667102 
5845137667845 | 


| 


| 


, 585313 


5854 
5855 
5856 
5857 
F858 
5859 
5860 
5861 
5862 
5863 
5864 


5865 


5867 
5868 
5869 
5870 
$871 
5872 
5873 
5874 
$375 


m_ 


5877 
587813 
5879 
5880, 


Num | Logariebm 
5.76685 88 
3.7669331 
147670074. 
7.7670815 
3-7671559 


3.7672301, 
37673043 

«7673785 
$hee 
37675269 


767676011 | 
3.76767 52 
$-7677494 
3+7678235 
3$-76789761 


3$.7679717 
3.76804 58 
3.7681199] 
3.7681940 
3.7682680 


3.7683421 
3.7684.161 
3.7684901 
3.768564. 
3.7686381 


3.7687121 
3.7687860 
3-7 688600 
3-7689339 
3.7690079 


3.7690818] 
3.76915 57 

3.7692296 
3.7693035 
3.7693773 


Num. 
588 1 
5882 
5883 
5884 
5885 
[5386 
5887 
5888 
5889 
$890 
5891 
5892 
5893 
5394 
5895 
5896 
15597 
5898 
5899 
J 90OO 
5J9OI 
5902 
5903 
5904 
3 905 
5906 
5 907 
5908 
5 909 
F9IO 


erithm., 


Num | Logarithm, 


3-7694512 
3-769525O 
3.7695988 
3.7696727 
3.7697465 


3.769820} 
3.7698940 
3.7699678 
3.7700416 
3-77OIIF3 


3.7701890 


3.7702627 
3.7703 364 
3.7704101 
3.7704838 


3-7705$75 
3.7706311 
3.7707048 
3.7707784 
3.7708520 


3.7709256 
3.7 709992 
3.7710728 
3.7711463 
3.7712199 


3.7712 2934 
3.7713670 
3.77 14405 
3.7715140 
3.7715875 


5911 
5912 
J913 


3.7716610 
37717344 
3.7718079 
5914[3.7718513 


7916 37720383 | 
$91713.7721016 
5918[3.7721750 
5919[3-7722483 
$92013-7723217 
F921 
5922 
5923 
5924 
3925 
5926/ 
5927 
5928 
5929 
3930 
$931 
5932 
5933 
5934 
5935 
F936 
5937| 
5938 
993913 
942 


3.7723951 
3.77 24684 
3-7725417 | 
3.7726150 

3.77 26884 
3-7727616 
3.7728349 
3.77 29082 
3.7729814 
3.77 30547 
—_—— 
3.7731279 
3.7732011 
3-7732743 
37733475 
3.77 34207 
3.77 34939 
3.773 5670 
3.77 36402 
7737133 
3-77 37864 


— 


5941 
3942 
5943 
3944 
3945 
5946 
3 947 


3.738596 | 
3.7739326 
3.7740057 i 
3.77 40788. 
3.7741519 


3.7742249 
3.7742979 
$948[3.7743710 


3 94913-7744440 
595013.7745170 


| 5960 


Nam. [ Loger:tbm. 

5951 37745999 
5952[3- 7746629 | 
595 313-7747359 
5954[3-7748088 
$95513-7748818 
5956 
5957 
5958 
5959 


3.7759276 
3.7751005 
3.7751734 
3.77 52463 
3.7753191 
3.7753920 
3.77 $4648 
3.7755376 
3-77 $6104 


F961 
5962 
—=_ 
3 

5965 
5966 
5967 
5 968 
5969 
5970 


— —— 


3.77 56832 
3.7757560 
3-7758288 
3.7759g016 
3.7759743 


3.77 60471 
3.7761198 
3-7761925 
3.7762652 
3.7703 379 


—— — —— 


F971 
5972 
5973 
5974 
5975 
5976 
5977 
5978} 
5979 
5980 
5981 
5982 
5983 


3.7764106 , 
3.7764833 | 
3-2765559 
3.7769286 
3.7767012 


3.7766738 
3.77 68464 
3.7769190 


3$+7749547 | 


| 6005 


5984, 3.7769916 
598512,7770642 


Num. 


Logarithm. 


5986 


5o8ol; 
599gO 
5991 
5992 
5993 
5994 


3995 [3+7 


307771307 
5987 |3+7 775093 3 
59881377 


3+777426d 


| Os em eos ome 


77500] 


3. 775 / 6443 b) 
367777167 


es 


p 77 2818] 


107773543 


777392 


DD ———_— 


5996! 
$997 
5998 
1999, 
6000 
6CO1 
6002 
6003 
6004. 


— 


2.77 
3$.7779340 
3.77 80065 
3.7780789 
3.778153 


3-7782236, 
3 7782960 
3.7783683 
3.7784407 
3.7785130 


28616 


*7 / 


| — 


6006 
6007 
6008 
6009 
6010 


GO ——— 


3.7785853 
3.7786576 
3.7787299 
3.7788022 
3.778874 5| 


GOII 
6012 
6O13 
6014 
GOT F 


CO — 


3.77 39467 
3.7790190 
3.7790912 
3.7791634 
3.7792356 


6016 
6017 
6018 
6019 


3.7793078| 
3.779380c 
3.7794522 
37795243 


6020| 23,7795 06+ 


591513.7719547 


Si{{iſ2 


| 


Num! 


002 1 
6022 
6023 
0924 
6025 


6026 


6027) 
6025, 


6029 


; 6030 


| 


6031 
6032 
GO33 
6034 


19035 


6036 
6037 
6038 
6039 
6040 
6041 
6042 


——_—_— 


605! 


49952 


6053 
[= 


———_ 


3.77 96056 
2.77 97408 
21.7798129 
3-77 98850 
3.779957! 
2.7800291 
3.7801012 
2.7801733 
3.7 802453 
$.7803173 


6054 


3.7803893 
3.7 804613 
3.7805333 
3.7806053 
3.7806773 


3:7807492 
3.7808212 
2.7808931 
3.7809650 
3.7810369 


3.781 1088 
2.7811207 
2.7812526 


+ 2.7813245 


3.7813963 
3.7$14681 
37815400 
3.781618 


ogg 3.7816836 
60590] 3.7817 554 | 6085. 


| 


307818272 
3.7$18989 
7.7819707 
3.7820424 


nn WM 


——_— . 


Num. j Logarithm. 


6056 
6057 
6058 
6059 
6060 


3.7821$59 
3.7822576 
3.7823293 
3.7824010 

3.7824726 
6061 
6062 
6063 
6064 
6065 


3-7825443 
3.7826159 
7.7826876 
3.7827 592 


—_— _—_—— 


6066; 
6067 
6068 
5069 
6070 


3.7 829024 
3.7829740 
3.7830456 
3.7831171 
3-783 1887 


6071 
6072 
6073 
6074 
6075 


7.7832602 
3.783 3318 
3.7834033 
3.7834748 
3-783 5463 


3.7836178 
3.7836892 
3.7837 607 


6076 
6077 
6078 
6079 
6080 
6081 
60832 
6083 
6084 


CEW——— —_—— — 


3.7839750 
3-7842464 
1.7841178 
2.7841892 
3.7842606 
6986 
6987 


7.7843319 
3.7844033 
6088|3.7844746 
6089] 3.784.5460 
6090'3.7846173 


2.7821141 


2.7846886 
3.7847599 
3.7848312 
3.7849924 
3.78497 37 


6091 
6092 
6093 
| 6094 
60g5 


Num. Logarithm p 
6126 3.7871770 
612713.7872479 
6128 7-7873188 
6129] 3.7873896 
6130] 


Num. Logerithm. | 


3.7874605 


3.7828308 | 


_ 


| 6107 


OO —  —— 


6096 
6097 
6098 
6099 
6100 


7.7850450 
2.7851162 
7.7851874 
2.7852586 


6131 
6132 
6133 
6134 


3-785 3298 


pans 


6103 
6104. 
6105 


6106 


3-7856145 
3.7856857 


6108 
6109 
GIIO 


I 
3.7839701 
3.7 860412 


6135 


3.7854010| 6136 
3-7854722 | 6137 
3.785 5434 | 6138 

[6139 

6140 
3.7857568 | 6141 
3.7858279 | 6142 
6143 
6144 
6145 


7875313] 
3.7876021 
3:7876730 
3-7877438 
3.7878146 
3.7879561 
3-7880976 
3.7881684l 


3.7882391. 
37883098 
3.7883805 
3.7884512 
3.7885219 


3-7861124 
3.7861833 


GIII 
[9212 
3.7862544 


GI1T3 


6146 
6147 
6148 


3-7838321 6114|3.7863254 
3.7839036| 6115 


7863965 


6149 
6150 


3.7885926 
3.7886632 
3.7887339 
3.7888045 
3.7888751 


6116 
| 6117 
6118 


neue 
G12 


__ 


3.7 864675 
3-7865385 
1.7866095 
3.7866805 


3.78675 14 


| 


GIS1 
G152 
6153 
6154 
6155 


3.7 889457 
3.7890163 
3-7890869 
3-7891575 
3.7892281 


GI21 
G122 
6123 
6124 
6125 


3.786824 


3.7870352 
3.787 1061 


6156 
3.7868933 | 6157 
3.7869643 | 6158 
[6:59 

6160 


3.7892986| 
3.7893691 
2.7894397 
3.7895102 
3.7895807 


———_ — 


Num. 
6161 
6x62 
6163 
6164 
6165 


37896513 
3.7897217 
#7897922 
3-7898626 
37899331 


arithm, 


6166 
ppc 

6168 
6169 
6170 
6171 
GI72 
6173 
6174 
6175 


6176 
6177, 
6178 
6179 
6180 


6181 
6182 
6183 
6184. 
6185 


3-7900035 
7900739 
[307 901444 
3.7902148 
3.7902852 


17993555 
3-7904259 
3.7904963 


3.7906370 


3.7910587 | 
3.7911290 
3-7911992 
3.7912695 
$-7913397 | 


3.7905 666 


Num.j Logarithm 


6196|3-7921114 
6197|3.7921815 
6198| 3-7922516 


619913-7923216 


6200 
6201 
6202 
6203 
6204. 
6205 


6206 


3.7923917 
37924617 | 
3-7925318 
3.7926018 
$.7926718 
3.7927418 


3-7928118 


6207] 3.7928817 
6208] 3.7929517 
6209] 3.7930217 


6210 


3-7930916 


3.7 907073 
3.7907776 
3.7908479 
7.79091 82 
3.7909885 


6186 
6187 
6188 
6189 
6190 


$ 


3 
3. 


3-7914099 
3.7914801 


7915503 
«7916205 


7916996 


— 


6191 


619313 


3-7917608 
6192[3. 
.7919011 
6T94|3.7919712 


7918309 


7920413 


6211 
6212) 
6213 
6214 
—_— 


— 


3-7931615 
37932314 | 
37933014 
3-7933712 
37934411 


prone 
6217 
6218 
6219 
6220 
0221 
6222 
6223 
6224 
6225 


6226 
6227 
6228 
6229 
6230! 


7.7935 IIO 
3.7935809 
3.7936507 
3.7937206 
3-7937904q 


— 


3.793 8602 
2.7939300 
3.7939998 
3.7 940696 
3.7941394 


\ $7942091 
3.7942789 
3.7943486 
3.7944183 
3.7944880 | 


Ja 


Ligoribm. 


6231 
6232 
6233 
6234 
6235 


6236 
6237 
6238 
6239 
6240 


3-7945 578 | 
3.794627 4 
37946971 
37947668 | 
ns 


3.7 949061 
$-79497 57 
37950454 
3-7951150 

3.7951846 


3-7952542 
3.795 3238 
3-7953933 
3-7954629 
3-7955 324 


| 


$7956020 
3.7956715 
3.7957410 
3.7958105 
3-7958800 


3-7959495 
3.7960190 
3.7960884 | 
$.7961579 
3-7962273 


3.7962967 
3.7963662 
37964356 
3.79650g0 
3-7905743 


3.79664.37 
6262] 3.7967131 
6263} 3,7967824 
6264] 3.7968517 
| 6265] 3.7969211 


6294 
6295 
62g6| 


6296 


rare) 


= 
626613.7969904 
626713.7970597 
6268|3.797 1290 
6269|3+7971983 
3.7972675 


em 


6271 
6272 
6273 
0274 
0275 


Jones 
6277 
6278 
6279 
6280 
6281 
6282 
6283 
6384 
6285 
6286 
"6287 
6288 
6289 
6290 
6291 
6292 
6293 


3.797336 
3-7 974060| 
3.7974753 
3.7975445 
3.7976137 


3.7976829 
37977521 


3-7979596 


3.7980288 
3 7980979 
3.7981671 
3.7982 362 


3-7985816 


3.7987197 
3.7987887 
3-7988577 
3.7989267 
3.798997 


3 7990647 
629713.7991337] 
6298[3.7992027 
$6299[3,7992716 
©300[3-7993405] . 


——— 


347979213 
3-7978905 | 


3-7983053] 
3-7983744 


3.7984435 


3-7985125 
3.7986506] 


— 


619513. 


Num. 


—  - 


Logarizhm. | Num.[ Logerithm, | Num. | Logarichm. | Nun. [Logerizhm, 
4095 | 6336]3.80181 52. 6371] 3.8042076 3.8065869 
—— —_— 63371 3.8018837 | 6372[3.8042758 3.8066547 
blog 37995473 6338|3.8019522 | 6373 3-5043439 bL067328 
s 8020208 | 6374] 3.8044121 . 
6304|3-7995162 | 6339{3. : "$0685 80 
630513-799685 1 6340] 3,8920893 6375|3-804480 5 3 
redlhneenree 8021578 | 6376138045483 38069258 
oe 7 7098228 6342 38023262 6377 Ces LIITEO0S 
6378|3-0040545 
630813.7998917 | 6343[3-$022947 | | $ " ts 
8023632 | 63791 3-8047526 3-907129 
ute4 by Sarees; oy Saks 6 6386 3.8048207 3.807 1967 
6310[3.8000294 | 6345|3-80243 we 
| 2 $025001 | 638113.8048887 3.8072643 
<4 CR ge ” $025685 6382 gone On oe 
8026369 | 6383|3.805024 . 
pebble ven tt 114 wa oor es roma 9 bo 
PoqS jt 2 | 6 - 8027737 | 63851 3-3051609 3.8075350 
6315 $6003734| 35013. 
. | 8028421 | 6386] 3.8052289 3.8076027 
Gr rods | el copts | am eee eto 
6388} 3.805 3649 . | 
631813.8005796 | 635313-3029789 | "ul bees 
6389] 3.8054: 29 3-007 005 
6319] 3.8006484 | 6354|3.8030472 ) bh. 
Mp 3.8007171 | 635513.8031156 | 6390 mY J.007073 
8 805 $688 3.$079407 
. O 15 6 OI 3. OJ$ | 
pon ad an an 64 Mo 7.8056368 3.8080083 
pes re 635813.8033205 | 6393 Lye 4 
> Ba ; 888 | 6394|7.80577 2 . 
6324{|;3.$209919 | 6359|3.8033 -; 86 py 
[5325 3 801060y | 6360{2,8034571 | 639513.8058405 3.808211 
Co —I 6500|1.9050085 | Gagr| 1808278) 
61[3,8035254 | 6396|7.8059g085 I> 
400 -- ways 5761 $003 os 6397|[1.8059763 3.8083460 
oy i'8 266 6363! 3.8036619 | 63981 3.806044.2 3.8084.136 
(094 th - 6364[3.3037302 | 6399|2.8061121 3.8084811 
mak! op $4 63651|3.8037984 | 6400] 3.8061800 3.908 5485 
633014,8014037 | 636513.50379 wy 
60 
6! 2.8038666 | 6401; 2.8062478 3.80861 
= oo" [$169 wu He 640213,8063157 78086835 
ig | LoiidooE 6368[3.8040031 | 6403|3.8063835 3.80875 10 
eBor602 6369] 2,8040712 6404) 3.806451 3 ered 
633513.8917466 | 63701 3.8041 394 | 640513.8065 191 3.8050559 


— 


OCT 


_—_—— 


Num.| Logerithm, q Num.j Logarithm. n.1 Logerichm, | Num.j Log aritbm, - | 
6441 | 38089533 3.8113068 6546[3.8159760 
6442] 3.8090207 3.8113739 654713.8160423 
6443| 3.809088! | 33114409  6548[3.8161087 
6444|3.80g1555 [3-81 15080 6549|3-8161750 
6445 |3-8092229 3.8115750 6550[3.8162413 
6446[3.8092903 | 3.$8116420 655113.8163076 
6447|3-$093577 3.81170g0 6552[3e8163739 
6448[3.8094250 3.8117760 6553138164402 
6449] 3.8094924. 3.$118430 65 54[3.8165064 
64.50 3.8095 597 3.8119100 6555138165726 
6451138096270 38119769 | 655613.8166389 
6452]3.8096944 3.8120439 655713-8167052 
6453|3.8097617 38121108 655813.8167714 
' [6454] 3.8098290 3.8121778 6559[3.3168376 
6455 j3.8098962 3.8122447 6560138169038 
—_. ——— ———— ed Ree ee nS 
6456|3,8099635 3-8123116 6561] 3.3169700 
6457|3.8100308 3.812 3785 656213.8170362 
[6458 3.8100980 3-3124454 656313.8171024 
6459|3.8101653 3.8125123 6564[3.8171686 
6460|3.8102325 3.8125792 6565]3.8172343 
6461 7.8102997 3.81264.60 6566 33173009 
6462[3.$103670 3.8127129 656713.8173670 
6463 [3.8104342 3.8127797 6568[3.8174331 
6464|3.8105013 3.8128465 6569|3 8174993 
6465 j3.8105685 3.8129134 6570138175654 
6466|3.8106357 3.3129802 6571]3.8176315 
6467{|3.8107029 2.8130470 | 6572[3.8176976 
6468! 3.8107700 3.8131138 6573'3.8177636 
6469] 3.8108371 3.8131805 6574 381782978 
6470[3.8109043 3.8132473 657513 8178958 
6471 38109714; 38133141 657613.8179618 
647213.81 10385 3.8133808 657713.8180278 
6473|3.8111056 3.8134475 6578|3.8180939 
6474|3.8111727 3.8135143 9579[3,8181599 
2.8112398 3.81 35810 65803 8182259 


(6475! 


um.j Loggrithm. 


6581138182919 
6582|3.8183579 
6583138184239 
1658417.8184898 


6585 


ee ny 


[5586 
6587 
6588 
6589 
6590 
6591 
6592 
[5593 
19594 
6595 


6596 
15597 
[5598 
16599 
6600 


V ——_ 


16601 
16602 
6603 


6604 
16605 


6606 
16607 
6608 
6609 


6610! 


66113 
6612 
6613 
6614 


3.8185558 


3-8186217 
3.8186877 
3.8187536 
38188195 
aca. 


2180529 
3.8190172 
3.8190831 


3.8191489 
3:8192148 


2.8192806 
3-8193465 
3.8194123 
3.8194781 
3-3195439 


3.8196097 
38196755 
3.8197413 
3.8198071 
| 381 98728 


3.8199386 
3.8200043 
33200700 
3.8201358 
3.8202015 


8202672 
o 8203 328 
3,820 3985 
3.820464.2 


6615 


2.8205898 


Num. Logerithm.l þk= | Nam. [Logeritbn, - 
6616|3.8205955 | 6051 3-525 1664. 
6617] 3.8206611 \ 6652[3.8229522 3.8242313 
6618] 3.8207268 | 6653|3.8230175 3.8252963 
| 6619] 3.8207924 | 6654ſ2.8230828 3.8253612 
6620|;,8208580 | 665513.8231481 38254261 
5 
6621 3.8209236 1 665613.8232133 3-8254910 
6622] 3.8209892 | 6657] 3. 3.8255559 
662313.$8210548 1 6658| 3.823 3438 3.8256208 
6624|3.8211203 | 6659|3.823 4090 3.8256857 
6625|3.8211859 | 6660|3.8234742 3.8257506 
66261.3.$212514 6661 38258154 
6627[3.8213170 { 6662[3, 3.8258803 
| 6628 3.8213825 | 6663 3-8259451 
66291 3.8214480 | 6664 3.8260100 
663013.8215135. | 6665 5260748 
6631]3.8215790 66663. |:.8261396 
en pions Smpnns 
6634] 38217755 | 6669|3 38263340 
6635]3.8218409 | 66703, cunt 
6636' 3.8219064 | 667113; 2.3264635 
663713.8219718 | 6672{3, 3.8265283 
pox + rough (hu 6073 NeIE5932 
3913.8221027 7413. 3.526657 
6640} :,8221681 | 667513.8244513 | 38267225 
6641{3,8222335 | 6576|z, 1.82 67872 
6642] 3.8222989 6677 g 2.$268519| 
C644 8222206 66718: 73263815 
44| 3.0224 9 3.9209 
6645|3.8224950 | 6680 3.3270460 
6646!3.8225603 —= H2 38271107] 
6647] 3.8226257 | 6682 38271753 
6648/3 pm oo ay 
49] 38227563 41 3. | 3.82730 
6650 3.822216 £635 3.8251014 | 672013,8273693 


|Num.1 Logertebm. 


5751) 38293681 
57 5213-8294 324 
6753] 3-8294967 
6754|3.8295611 | 
7551 2.32962 54 


Num. Logarithm. | (Num. Logeriehm., 
3-$274339 48296596 | 6791[3.8319337 
7.8274985 3.82975 39 * 6792|3.8319977 
3.8275631 3.8298182 | 6793|3$320616 


38276277 | 
3.8276923 
| 


3.8277 569 
3.8278214. 
3.8278860 
38279505 
3.8280151 


3.8280796 
3.8281441 
3.8282086 
3.8282731 
3.8283376 


38284022 
3.82 84.665 
2.8285310 
3.8285955 
3.8286599 


3-3287243 
3.8287 $87 
3.3288532 
3.82 89176 


| mm mmm m—mnrn—m—m———_— 


3.8289820 


3.8290463 


j1.8291107 | 


3.8291751 
3.6292394 
3.8293038 


(3.8316139 6821 


3.8298824 | 6794 | 
3.8299467 | 6795 


— 


3.8300109 
3.8300752 


40301394 6798 


3.8302036 
3.8302678 


I 
© 
© 


3.8303320 
3.3303962 
3.83 04603 
3.3305245 
3.8305887 


3.836528 
7.8307169 | 
3.8307811 
3.8308452 
3-83 09093 
3.83097 34 
3.8310375 
3.8311016 
3.8311656 ! 6814 
3.83123297 | 6815 


— _—_ 


3.38312937 | 6316 
3.$313578 | 6817 


3.8321255 
3.832189 


3.8322534 
1.8323173 
3.8323812 
?.8324450 
3.832508g 


— — 


3-8325728 
3.8326366 | 6837 


3.8327005 


3.832764.3 


3.832828 


3.8328919 | 6841 


3.8329558 
1,8330195 


3.8330$33 
3.8331471 | 6845 


13-3332103 
3.9332746 
3.8333 384 


3.83 34021 


3.8334659 6850, 3.83 56906 


2.8314218 | 6818 
3.8314858 | 6819 
3.8315499 | 6820 


— — 


3.8316778 | 6822 
3.8317418 x 6823 
3.8318058 | 6824 


| 6790 ;.8318698 


6825 


3.8335296 | 6851 
38335933 


2.8336570 


3.83 37207 


3.8337 844 


3.83 38480 


3.8339117 


3.83 39734 


3.8340390 
3.8341027 


Texte 


,Num 5 Logarichm 


Num: 


586 

6853 
6864 
6265 


—m—mm—— 


[5866 


Logarithm, 


680113,5303074 


3.8364507 
33365140 
3.8365773 
3.8366405 


2.8367038 


6867 


6868 
12.8 368935 


3.3367670 
3.8368303 


3.5369567 


3.8370832 
3.8371463 
3.8372095 
3.8372727 


A_ 
———__\_ 


3.8373359 | 6911 
6912 


38373990 
3.8374622 
383752531 
3.8375884 


3.8376516 

3.8377147 
18379778 
3.8378409 
3.8379039 


3.8379670 


p 8380301 
3.8380931 
3.8381562 
2.8382192 


2.8382822 
13.8 


3.8384713 


13.8355343 


3.8370199/| 


| 


| Num 
6896 
6897 
6898 
6899 
6900 
69gOI 
| 5902 
| 6903 
| 6904. 
6905 
Gadd 
6907 
6908 
6909 
6910 


| 091313 


6914 
og915 
6916 
6917 
6918 
6919 
6929 
6921 
6922 
6923 
6924. 
6925 


6926| 
6927 
6926 
| 6929 
6930 


| Logarithm. 

3.8385973 
3.8386602 
3.8387232 
3.8387861 
3.8388491 


3.8389120 
3.8389750 
3.8390379 
3.8391008 
3.8391637 


3.8392266 
3.3392895 
3.8393523 
3.8394152 
3.83 94780 


3.8395409 
3.8 396037 

8396666 
3.8397294- 
3.8397922 


3.8398550 
3.8399178 
3.83 99806 
3.840043 3 
3.3401061 
3.3401684, 
3.8402316 
3.840294 3 
3.8403571 
3.8404198 


3.8404825 


3,.8406079 
3.8406706 
58407332 


3.8405452 


| 


Nam: 
0931 
6932 
6933 
0934 
6935 


6936 
6937 
6938 
6939 
6940 
6941 
694.2 
0943 
0945 


| Logeritom. _ 
3.8407959 
3.8408586 
3.8409212 
3.8409838 
3.8410465 


3.8411091 
3.8411717 
3.8412343 
3.8412969 
3.8413595 


3.8414.220 
3.8414846 
3.8415472 
3.8416097 


6945 


6946 
6947 
6948 
6949 
6950 


— — 


o9F1 


' 0952 


6953 
6954 
6955 


69506 


6957| 
6958 


6959 
6960 
6961 
6962 
6963 
6964 
6965 


3.8416722 


3.8417 348 
3.8417973 
3.8418598 
3.3419223 
3.8419848 


3.8420473 
3.8421098 
38421722 
3-8422347 
3.8422971 


3.8423596 
3.8424220 


13-$424844 


3.8425468 
3.8426092 


| 


| 


| 6972 


\ 6983 


um.] 


Loparithm. 


6966 
6267 
6968 
6969 
697013, 


———m—m—m—_— 


35429835 
38430458 
3.$8431081 | 
3.8431705 
32328 


6971] 


6973 
6974 
6975 
6976 
6977 
6978 
6979 
698 


——m—m—m—nm—m—_ 


RPA 


6981 
6982 


6984. 
6985 
6986 
6987 
6988 
6989 
6990 
6991 
6992 
6993 
6994 
6995 


3.3426716 
3.8427340 
3.8427964 
3.8428588 
3.8429211 


6996 
6997 
6998 
6999 


jp $433574| 
| 


3.8432951 


8434197 
3.8434819 
3 3.B43 $442 
3.84 36065 
3.8436687 
3.8437310 
3.8437932 
3.8438554 
3.8439176 
3.8439798] 
3.8440420 
3.8441042 
3.8441664 


3.8442286 
3.8442907 
3.8443529 
3.$444150 
3.8444772 


3.8445393 
3.8446014 


3.844725« 
3.844757; 


3.8448498 
3.344911g 


7000 


3.8449739 
3.845 0360 
[3.84 50980 


PP” / 
g / 

- 

a 


4 


Num. Legerithm, 


7141 
7142 
7143 
7144 
7145 


4awey | 
3 


[3-8544275 


13.35 46096 


3.8537590 
3.8538198 


8539414 
3.8540022 


3.8540630 
3.8541238 
3.8541845 
3.5542453 
3.85 43060 


3.8 54.3668 


3.8544882 | 
3.8545489 


Num | Logeriebm. 
7176 


7177 
7176 
7179 
7180 


3.8558824 
3.8559429 
3.8560035 
3.8560640 
38561244 


7181 
7182 
7183 
7184 
7185 


7186 
7187 
7188 
7189 
7190 


3.8561849 
3.8562454 
38563059 
3.8563663 
3.8564268 
3.8564.872 
3.85 65476 
3.8566081 
3.8566685 
3.8567289 | 


7170 


(7171 
7172 
7173 
7174 


717118558219 | 7210 


7169|3.8554586 


3.85467 03 | 
38547310 
3.8547917 
3.85 48524 
3.8549130 


3.8549737 
3.8550343 
3.8550949 
3.8551550 
3.85 52162 


3.855 2768| 
3.8553374- 
3.8553980 


3.55355192 


7191 
7192 


3.8567893 
3.85 68497 


7193 
7194 
7195 
7196 
7197 
7198 
7199 
7299 


3.8569101 
3.85 69704. 
3.8570308 


3.8570912 
3.857515 
3.8572118 
33572722 
3.8573325 


| Nam.1L 


7211 
7212 
7213 
7214 
7215 


7216 
7217 
7218 
7219 
7220 
7221 
7222 
7223 
7224 
7225 
72320 
7227 
7228 
7229 
7230 
——_— 
723.1 
7232 
7233 
17234 
7235 


—c 


ithm. 
3.8579955 
3.85805 57 
3.8581159 
3.8581761 | 
3.8582363 


— 


3.8582965 
3.8583567 
3.8584169 
3.8584770 
3.8585372 


3.8585973 | 
3.8586575 | 
3.8587176 
3.8587777 
3.8588379 


3.8588980 
3.8589581 
3.8590181 
3.8590782 
3.8591383 


3.8591984. 
3.8592584 
3-8593185 
3.8593785 
3-$594355 


7201 
7202 
7203, 
7204 
7205 


> — 


3.855797 
3.85 56403 | 
3.3557008 
3.8557614- 


7206 
7207 
7208 
7209 


| 

3.857 3928 
3.8574531 
3.857 5134 
3.8575737 
3.8576340 


3.857694 3 
3.8577545 
3.8578148 
3.85787 50 


7230 
7437 
7238 
7239 
7240 


3.85 94986 
3.3595586 
3.8596186 
3.8596786 
3.8597386 


ey 
7 2.42 
72453 


3.8579353 


hg. 


3.8597985 
38598585 
3.8599185 
3.85997 84 


3.86003 84. 


Num. 


Loparithm, | 


7246 
7247 
7248 


724913.8602781 


7250 
7251 
7252 
7253 
7254 
7255 


3.8600983 
3.3601583 
3.8602183 


3.8603 380 


3.8603979 
3.8604578 
3.8605177 
38605 776 
3.8606374 


7256 
7257 
7258 


725913.8608768 


7260 
7261 
7262 
7203 
7264 
7265 
7266 
7207 
7268 
7269 
7270 
7271 
7272 
7273 
72745 
7475 
7276 
777 
7278 
7279 


7280 


3.8606973 


3.8607571 
3.8608170 


3.8609366] 
3-8609964 
3.8610562 
3.86112160 
3.8611758 
3.8612356 


3.8612954 
3.8613552 
3.8614149 
3.5614747 
3.80615344 


3.3615941 
3.86165 39 
3.8617136; 
38617733 
3,.8618330 


3.8618927 
3.86195 24 
3.8620120 
3.8620717 
3.8621214. 


ag ——TT 


_— 


| 7245 


Py 


INum.j Logarithe. 
_ rzig1o | 
7282|3.8622507 
[7283 3.8623103 þ 
7284|3-8623699 
7285 
7286 
7297 
7288 
7289 
7290 


CO —— —— 


28624892 
3.8625488 
3.8626084. 
3.8626679 
3.8627275 3 


3-8627871 
3-8628467 
3.8629062 
3.8629658 
3.8630253 


7291 
7292 
7393 
7294 
_ 


— 


3.8630848 
3.8631443 
3.8632039 
3.8632634 
3.8633229 


[7290 
7297 
7298 
7299 
[7300 
7301 
7302 
7303 
7304 
1305 


3.8634418 
3.8635013 
3.8635608 
3 8636202 


3.8636797 
3.8637 391 
368637955 
3.8638589 
nt 


7300 
7307 
7308 
7309 
7310 


731II 
[7312 
7313 
7314 
7315 


3.8639768 
78640362 | 
3.8640956 
:8641550 | 
2.8642143 


7323 


3.8633823 [7336 
7637 
[7338 


7341 
7342 
7343 
7344 
7345 
7340, 
7347 
7348 
"oy 
7359 


= 
7322) 


7324 
7325 
7326 
7327 
7328 
7329 
7330 
7331 
7332 
7333 
7334 
7335 


— — 


| 


7339 
7340 


—  — —_ 


Num.| Logerithm. i 
7316|3.8642737 
73171 3-3643331 
7318]3.8643924 

7319] 3.8644517 
3.8624296 | 7320[3.8645111 


3.864.8076 


3.365 7552 


3.8658735 
3.8659327 | 
7.8659918 


—Y 


3.8645704 
3.864 6297 
3.8646890 
2.8647483 


3-86.4.8669 
3.864.9262 
3.364985 5 
3.8650447 
3.865 1040 


3.8651632 
3.8652225 
3.652817 
3.865 34.09 
3.8654001 


3.3654593 
3.8653185 
3.8655777 
3.8656369 
2,8656961 


3-865 $144 


3. 8660509 
3.8661100 
3.$661691 
3.8662282 
3.8662873 


| Num. | Logarithm. 


Num. [Logerithm. | 


73 51/3-8663404 


7332 
7353 
7354 
7355 
73506 
7357 
7358 
7359 
7360 
7361 
7362 
1363 
7364 
7365 
7366 
7367 
7 368 
7369 
7370 
7371 
7372 
7373 
7374 
7375 


— — 


7376 


3.86640g 5 
7 8664626 
1.8665236 
3.8665827 


3.8666417 
3.8667008 
7.8667598 
3.8668188 
3.8668778 


2.38669368 
3.266995 8 
3.86705 47 
[3.38671138 
[3-8671728 | 


1.86723 17 
3.8672907 
3.867 3496 
3.8674086 
3.867467 5 | 7405 


7377] 
7378 


3.3675264 
3.367585 3 
3.3676442 
3.867701 
3-867 7620 7410 


3.867 8209 
3.867 8798 
3.86793 87 
1.867997 5 | 
3.8680564. 


3:8681152 
3.8681740 
3.8682329 
3.8682917 
3.8683505 


7386 
7387 

7388 
7389, 
7390 
7391 
7392 
7393 
7394 
7395 


OD —m—m——_— 


7396 
7397] 


7398 
7399, 
7400| 


24bt 


7402 
7403 
7404] 


7406 
7407 
7408 
7409 


7411 
7412] 
74131 
7414 
7415 


7416 


38688207 


3.8701697 
741713370228; 
7418[3.8702868 | 
7419] 3.8703454| 
2429138704039] 


3-36 84093 
3.3 g 1681 
3.8685269| 
38685 857| 


38686444 


3.8687620| 


3-5688794 
3.56893 82] 
38689969 
j. 690556 
3-5691143 
3.8691730 
3.86092317 
3.3692504. 
8693491 


389460 


3.8696423 
3.8697010 


3.3697596 


rn 
5 


3.8698768 


3-3699354. 
3.3699940 
3.8700526 | 


7.3701112 


| 


:Nom.( Logarmibm, | 


35704624 
3.8705 209 | 
38705795 
$.8706380 
3-8706965 


3.8707549 
38708134 
3.87 08719 
3.8709304 


| 


3-87 09888 


3.8710473 
3.8711057 
4.87 11641 | 
1.$712226 
3.8712810 
368713394 
3.8713978 
3:8714562 
3.87 15146 
3.8715729 


13725059 


3.8725641 | 
"6 5p 


[3.8726806 
3.8727388 


3.8727970 
3.8728552 
2.87291 34 
3.8729716 
3.87 30298 


3.87 30580 
3.87 31461 
3-87 32043 
3.87 32625 
3.8733206 


3.873 3788 
3.87 34369 
3-8734950 


2.8735531 
3.8736112 


.[ Logarithn, 


7491 
7492 
7493 
7494. 
7495 
7490 
7497 
7498 
7499 
7500 
7 Ol 
75O2 
7503 
7 504 
7593 


3.8745398 
3.8745978 
38746557 
3.8747137 
3.8747716 


3.8748296 
38748875 
3.37494 54 
3.8750034 
7.875061 3 
3.8751192 
3.875177V 
3-5752349 
3.8752928$ 
3-375 3507 


7506 
7507 
7508 
7309 
7510 


3.8716 
3.87 16597 
3.8717480 


3.87 18064 | 


7.87 18647 


3.8719230 
3.3719814. 
2.87 20397 
3.87 20980 
3.8721563 


3.87 36693 
3.37 37274 
3.8737855 
3.8738435 
3.8739016 
30739597 
3.8740177 
38740757 
3.8741338 
3.8741918 


$.8722146 
2.8722728 
2.8723311 


3.8723894 


+55" 3-87 24476 


| 


38742495 
3.8743078 


813.87 43658 


3.8744238 


| KL 3744818 


751 
7512 
7513 
7514 
7515 
7516 
7517 
7518 
7 $19 
7520 


CO —_— — 


— 


7531 
752 
7323 

7524 
7 925 


$37 54086 
3.37 54664 
3.8755243 
3.87 55821 
3.8756399 
3.3756978 
3875756 
3.87 58134. 
3.87 58712 
3.8759290 


3.87 59868 
2.8760445 
3.£761023 
3.8761601 
3.8762178 


3.87 62756 


213.8763333 


2.8763911 
2.87644. 88 
3.8765065 


| 


| 


uni. 


7526 
7927 
7528 


752 


7530 


7540 
7547 
75486 
7549 
7550 


| hmm 


75351 
7552 
7553 
7554 
7555 


7556 
75S 
735 
7559;3 
7560 


Nun.[ Logarithy 
13.8765642 
3.8766219 
3.8766796 
38767373 
3.8767950 


————_—_— 


3.8768526 

3.8769103 
32769680 
3.8779256 
3.877083 38770833 


+.877 1409 
3.877 1985 
3.8772561 
3-8773137 
38773713 


3.3774289 


2138774865 


38775441 
3.8776017] 
3.8776592 


| 3.8777168 


3.877774 3 
3.87783719 
38778894 
3.8779469 


3.8780045 
3.8; 82620 
3.878 [Ig9g 
3 8781770 
3 8782345 
3.8782919 
3.878349} 
3 8784069 
8784643 
8785218 


: 


Num. Lagarithm. © Num] LgohbeT | Num. | Logarivhne. | Num. [Loporitbus, | 
7 56113.8785792 | 7596|3.8805850 | 7631 3-58253815 | 7066|3.8845688 
7562[3.8786367 | 7597|3.8806421 | 7632[3.8826384 | 7669 3. 846255 
756338786941 | 7598|3.8806993 | 76333.8826953 | 7668[3.8546821 | 
756413-8787515 | 7599[3-3807564 | 7634[+.8827522 | 7665138847387 
7 565[3-378808g | 7600|3.5808136 | 7635138828090 | 7670138847454 
7566|3-8788663 | 7601[3.8808707 | 7636 3-8828659 | 7671] 3-8848520 
756713-8789237 | 7602|3.8809279 | 7637] 3.$8829228 7672 3.884986 
7568138789811 | 760313.8809850 | 7638 i.8829797 | 7673 3-8849652 
7 569|38790385 | 7604|3.8810421 | 7639 3.8830365 | 7674\3.8850218 
7370|3-8790959 [7605 3.5810992 | 7640] 3.883093 4 | 7675 3.88507 84 
7571138791532 7606|3.8811563 7641|?.8831502 1 7676 3.8851350 
7572[3-3792106 | 7607|3.88 12134 | 7642(3.88 32070 7677[3.8851915 
7573 3.8792686 7608|3.8812705 | 7643 78832639 | 7678| 3.8852481 
17574 3.8793253 | 7609|*.8813276 | 7644|3.$8833207 | 7679[ 3.885 3047 
77332793026 7610} 3.881 3847 7645|3-5833775 | 7680|3.885 3612 
7 57613.8794400 | 7611] 3.88144 17 7646| 3.3834343 | 7681 38854178, 
7 $771 3-8794973 | 7612|3.8814988 | 7647|3.8834911 | 7682 3-88 54743] 
[92 3.8795 546 | 7013|3.8815558 | 7648] 7.883 5479 7683135855308 


3.87g61 19 | 7614|;,8816129 | 7649 3.883 6047 | 7684138855874 
3-87 96692 | 7615|3.8816699 | 7650 3.8836614 | 7685 38856435]. 


— 


3.8797265 | 7616;3.8817269 | 7651 3.8837182 |} 7686 ?.3857004t 
7582] 3-8797838 | 7617|3.8817840 | 7652|3.8837750 | 7687 3.8857569). 
[7583 3.8798411 | 7618]3.8818410 | 7653 3-8838317 | 7688 58858134 

7584|3-87939g3 _ 38818980 | 7654| 3.883 8885 | 7689] 3.885 8599 
ddd 8799556 | 7020 ?,8819550 | 7655 [3-$839452 7690; 3.8859263 


7586|3.88092128 | 7621[3,8820120 | 7656[3.8840019 | 7691 3.885 9828 
3.8800701 | 7622|3.8820689 | 7657 3.8840586 7 7692[3.8860393 
7 588; 3,8801273 | 702313.8821259 | 7658 3-8841154. | 7693 3.8860957 
7589[3.8801846 | 7624(3.8821829 | 7659 7.8841721 | 7694 3.8861522 
7590[3.8802418 | 7625|3,8822398 | 7660[3.8842288 | 7695 3.8862086 


—— 


— — 


— —  __ k 


759113.8802990 | 76261 3.8822968 | 7661 3.88428 55 | 7696 3.886265 1} 
7592 7880356: | 76271 3.8823537 | 7662[3.8843421 | 7697 38863215] 
7593[3-8804134 | 7628|3.8824107 | 7663|3.8843988 | 7698[3.8853779 
759413-8804706 | 76291 3.8824676 | 7664|3.8844555 | 7699 3.8864343 
(7595 3.8805278 | 7630[3.8825245 | 7665 3.8845122 7700 38864907) 


| Nom: 


| Logarithm, 
3.8866035 
35866599 
3.8867163 
3.8867726 


- Num. 


Logartthm. 


736 
7737 
7738 
77 
7749 


3.8885 165 
3.8885726 


2.8868290 
3.8868854 
3.8369980 
3.83705 44 


.3-887 1107 
3.887 1670 
2.8872233 
3.8872796 
3.8873359 
36887 3922 
3.8874485 
3.8875048 
3.8875610 
3.8876173 


(3.8876736 
38877298 
3.8877860 
3.3878423 
| 2.887 8985 


3-387 9547 
7.8880109 


3.8880671 
3-8881233 
3.8881795 


——————_———_—_—_—_ 


—_— 


7741 


7742 
7743 
7744 
7745 
7746 
77473 
7748 


7749 
7750 


7751 


7733 
7754 
7753 


3.8886287 


3.8886848 
3.8887410 


38887971 
3.3888531 


2.8889092 
3.888965 3 


3.8 890214. 


3-8890775 
3.8891336 
28891896 
3-8892457 
3.8893017 


38893577 
7752] 


148894138 
3.8894698 
3.8895258 
3.8895818 


7756 
7757 
7758 
7759 
7760 


3.8896378 
3.896938 
3.8897498 
3.8898958 


| 3.8898617 


7761 
7762 
7763 


3.8882357 
3.888291 4 
18883480 
3.8884042 
3.8 8884603 


| 


3.8899177 
L997 36 
3.890029 


7764 4407 


7773 


7770 
7777 


7781 
7783 
7785 


| 


7793 


7795 


7765|3.8901415 


| 


Num. 
7771135» 
777213» 


7774 
77753» 


777S 
7779 
7780] 


mmm m—m—_— 


7782 
7784 


7786 
7787 
7788 
7789 
7790 


7791 
7792 


7794 


— — 


7796 
1797 
7796 
7799 
7ECO 


3.8907562 | 
3.8908120 


3.8909238 
3.8909796 


3.8910354 
3:38910912 
3-8911470 
3.8912028 
3.8912586 


$3913144 
3.5913702 
3.8914259 
3.914817 
39215375 


3.8515932 
3.39164.89 
3.5917047 
3.8917604 
3.891816+Þ 


3.8918718 
3.891927 

3-8919832 
3.8920389 
3.8920946 


7766'2,8901974 7801, 
776713.8902533 | 7802 
7768] 3.8903092 
7709 3.8993651 
777017.8904210 


7803 


7304 
7805 


3.8921 503 
3.8922059 
3.8922616 
3.8923173 


| 


*. 


1 


3.8998679 | 


3.89237291 7 


I 


3.3925398 
3e3925954 
3.8926510 


3.38927066 
3+8927622 


13.8928178 


3.89287 34 
3.8929290 


3.8929846| 
3.8930401 


3.8930957 
3.8931512 


12.$932068 


CEL —  ———_——————— 


3.8932623| 


3.8933178 
3.8933733 
3.8934288 


3.8934843 | 


39935398 
3.9935953 
3.8936508 
3-8937063 
3.8937618 


3.893 8172 
3.8938727 
3 8939281 


7834]3 893983 
783513.8940390 


7836 


| 7837 
7838] 3 


283913 


7840 


__— 


3.3940944. 


3.8941 498] 


894205 ? 
3 8942607 


2 


3 8643161 


— OUS” a4 14 Ho 4 4h OP BG: + OTST edit. AO 4 ob EEE MG. LS co - Met 
ts T1 [ ” , x : © 
* 
= 


{Nam.1 Logerichm. | 


799+ 


7997 
7998 
7999 


$200} 3.90 30900 


— CO—— 


8001 
80021 


3003 


6004 
$005 


3-9020573 
"9921117 
2.2921661 
3-9922205 | 
39922749! 


3.9223 293 
199923837. 


799913922 546 


t3-9026O11 


7995 (3-99281 


7996| 3.9028728 


2.9024381 
39824984 


3.9026555 
3.9027098 
LROEg, 

5 


3-9029271 
2,902981 4 
3.9930357 


3-903 1443 
2.9:31985 
3:9032528 
2.9033071 
3.9043623 


3.9034156 
1.9034698 
3-903 $241 
3.9035783 
3.9936325 


9936867 
3.9937409 
3-90379951 


| 


3.99338493 
2.903903 F 


Num. j Legariabm. 
801513-9039577 | 8051 
8017|3-90401197 Boga 
801813.5$040661 


8016 


| $020 


————_————_—_——— 


| 8021 


8022 


|] 8023 
$024 


8025 


| ————_— 


8026 


8027 
8028 


$029 


$030 


3.9941202 | 8054 


$-9041744. 


3.9042285 

$-9042827 
3-904.3 368 
3-994.3 909 
$-9244450 


3-9044992 1 
3-9945533 ; 
39046074 
3.994661 5 
3-9947155 


eoz1 
8032 
8033 


$0 34: 
8035 


—— 


8036 
8037 
8038 


$039 
8040] 


8041 
8042 
8043 


$044: 


8045 


8046 


8047 
8048 
8049 
8050 


era none? 
3-9948237 | 
3. 9042770 
3-9949318 | 

3-9949859 


3.9050399 
3.90950940 
3.9051480 
3-9952029 | 
3.9052560 
3.9053101 
3-9953641 
7-9054181 


3.995 5261 


3-9055801 
3-9056341 
3.9056880 
3-9057420 


3.905 4721 


Num] Logerabm, 


8053 
8055 


:905B498| 
3.9059038' 

3-9059577 
3-9060116 
3-9060656 


Num. 


8090 


5086] 3.90773 37 
808713.9077874 
$088] 3.9078411 


Bogs 
8037 
Boss 


| 8059 


8060 


3-90611 95 
3.99617 34 
$.9062273 | 
3.9062812 | 
3.9063 3Fl | 


3-9063 889 
3-9064428 
3.9964967 
3.9965 5O5 | 
3 :9066044 | | 


a 
3,90665B2 
(3.9067121 
7 9067659 
39068197 
$.9968735 


\$-9069273 
3.90703 50 


3.9070888 
3.9071425 


7,9057960 


39971963 
3.907 25OI 
7.907 3088 


[3-9080559 
3.908 2632 


8109 
8110 
$111 
8112 
8113 


3-9073576 | 8114 


59074114 8115 


3.9074651 
[39075188 
3.907 5726 


3.9976263 


8116 
| 8117 
$118 
$119 
8120 


3.9076800 


| 3-9083778, 
3-9084850 
13.9085 386. 


39995500] 


areas 


3-907 8948 
3.9079485 


2.9080022 
3-908109g5. 


3.9082169 
t9082705, 
3.9083241 


3-9084.3 14 


19085922 
3.9086458 
3.9086994- 
3.9087530 


7.9088066 
3.9088602 
3.90891 37' 
3.903967 3 
- 6% (ke 


3.9990744 
2.9091 279 
3-9091815 
3-90923 50 
3.9092885 


3-9093 420 
$.9993955 
$.9094490 
3.9095 025 


ET 


3125 


3126 
3127 
3128 
$129 
3130 
$131 
3132 
3133 
3134 
8135 


8136 
3137 
3138 
3139 
3140 


ge 
3142 
$143 


Num.y Logeriobm. 
$121|3.9090095 
$122|3-9036630 
$1233-9097 £65 
8124 3.9097699 


3s 34 


3.9098 762 
3.9099 303 
39099537 
3.9100371 
59100905 


3.9101440 
3.9101974 
3-9102508 
3.9103042 
39103576 


3.9104109 
3.9104643 
3.910177 
3-9105710 
3.91062 44 


3.91 06778 
3-9107311 
3.91 07844 
3.9103378 


$31 44. 
3145 


or — 


| 
814 

3149 
[8150 


\FIGOY 


3.9108gr1 


$14613.9109444 
314713-9109977 


3.9110F10' 
3.9111043 
3.9111576 


3.91 12109 
2.9112642 
3.9113174 
3.911 3707 


$157 
8158 
$8159 
$160 
8161 
$162 
8163 
$164 
8165 
] 

3166 
| $167 
$168 
8169 
8170 
$171 
$172 
$173 
8174 
8175 


8176 
8177 
8178 
3179 
8189; 
$181 
$r82 
8183 
$184 
| 8185 


3186 


$18 


81 


, 


þ 


Num 1 Logarithm: 
$1 56/ 


3.9114772 | 
3.-911530x 
3.9i15837 
3.9116369 
3.9116902 


3.9117434 
3.9117966 
3.9118498 
3.91 19030 
3.91 19562 
3.9120094 
3.9120626- 
3.9121 157 
3.912168g 
3.9122220 


3.9122752 
3.9123234 
3.912385 
39124346 
3.9124878 


3.9125409 
3.9125940 
3.9126471 
3,9127002 
3.9127533 


3.9123064. 


; 


3.9128595 
3.9129126 
3.9129656 


3.9130187 


3.9130O717 


8187[3.91 312484 
8r88[3,9131778 


9132309 
9132839 


8192 
8193 
9194 
8ro5 


$196 
8197 


$199 
8200 
8201 
8202 
$203 
$204 
| 8205 
8206 
8207 
8208: 
8209 
8210 


mmm—_— 


| 


$2rx 
$212 
$2r3 
8214 
8215 
$216 
8317 

$218 
9219 
8220 


— — 


——— 


8$198{3. 


Num.; Logarahin, 


um.7 Cogarirbm, _ 
I9113.9133 309 


3:91 33899. 


3.91 34430 
3.91 34960 
3.91 35490 


3.9136019 
3.9136549 


3.91 3760g 
3.9138139 


3.913 $668 
3.9139198 
3-9139727 
3.9140257 
3.91407836 


3-9141315 
3.9141844 
[3-9142373 
3.9142903 
3:9143432 


3:9143961 
39144439 
3-914.5018 


$2263.91 51857 
$227|3091524!5 
8228[3-91 52943| 
8225|39153471 


8230 


IT 


3e91 53998 


as 


8231 
8232 
$233 
8234 
8235 
| $236 
8237 
8238 
3239 


8247 


| $248 


3-9145547 | $249 
3.9146076 | 8250 


3.9146604, 
OT47T33 
3:91 47661 
3.9148190 
3.9149718 


8221 
8222 


8$223[3:915030JZ 
8224[3.9150831 
822513.915t359 


3.9149246 
29149775 


8251 
8252 
[8253] 
$254 
8255 


$256 
$257 
8259 


[3-9155054| 


3.51545 26 


3.91 55581 
39156109 
3,91 56636 


3.9157163 
3.91 $7691 
3.9158218 
3.9158745 
3.9159272 


3.9159799 
3,91603 26 
3.91 6085 3 
3.9161380 
3.9161907 


3.9162433 
3.9162960 
3.9163487 
3.916401 3 
3.9164539 


3.9165066 
3.9165592 
3.916611$ 
39166645 
3.916717t 


3.916767 
3.916822 
3,916874 
3.9169275 


8259 
$260 


13.01 


3.9114240 


Huuuu 32 


$401 
8262 
$263 
8264| 
8265 


[Nam tu 


rithm. 
8295 
8297 
8298 
8299 
8390 


3.9170326} 

3.9170852 
3-9171378 
3-9171903 
39172429 


$266 
[8267 
8268 
8269|[3 
8270 
8271 
8272 
8273 
8274 
8275 


8276 
8277 
8278 
8279 

280 


” J__ - SE x 264 ; _ 
Ob one OE OBAT <a SIO oo 4 HOI Ac 44 tm 
=- . hs 
. 


50 Aa It: Sos me 


Ws.” 4 


* £0 
« = ane 


.3.9178730 


— 
$301 
8302 
8303! 
8304 
8305 


3-9172954 
39173479 
3.91 7400$ 
9174530 
39175055 
$306 
8307 
8308 
$8309 
8310 


3.9175 580 
3.9176108 
3.917 6630 
3.917715.5 
3.9177680 


Num.j Lagericha. 


3.91886$7 
3.9189211 
3-9189734 
72.9190258 
3.9190781 


3-9191 304 
3.9191827 
7.9192350 
3.9192873 
39193396, 


3.9193919 
3-9194442 
3.91 9496 | 
3.919548 

3-9196010 


| 


(Num, 
8331 
8333 
8333 
$334 
8335 


| Logerichm. 
3.9206971 
3.9207493 
39208014 
3.92085 35 
H2Cg056 


$3606 
8367 
$368 
8369 
8370 


8336] 


8337 
' 8335 
| 8339 


8371 
8372 
8373 
| 8374 


39209577 
[19210098 

2,9210619 
}.9211140 
3.9211661 


Num. Logarithe [ 


1-922F179 
3.9225698 
39226217 
3-92267 36 
3.9227255 


3.9228 292 
3.9228811 
3-9229330 


$340 
| 


8342 
8343 
8344 
8345 


8311 
8312 
8313 
$314 
8315. 


3.9178205 


2.9179254 
3.9179779 
39180303 


7-9196533 
3.9197 035 
3.9197578 
3-9198100 


39198623 


8281! 
8282 
| or5 


[= 


3286! 
287 


29180828 
ptr pp 
3.9181877 | 
$4|3.91 82401 
3.91 82925 


831613 
8317 
. 8318 
8319 
6320 


8321] 


3,91 $3449 
$322 


1.9183973 


288 


3289[3.9185Q21 
290| 3.9185 545 


t 8323 
' $324 
8325, 


3.9134497 


$326 


3-91 86Q69 
8327 


3.91386593 
3.9187117 
3.91876490] $329 


2. 9188164 | $330 # 


3.919914F 
3.9199667 
3-93007 L1 
3-9201233 


3.9201755 
3-9202277 
79202799 
3.9203321 
3.9203842 


3.92 a 1+ 


9205929 


| 
8 


8346 
8347 
8348 
8349 
8350 


$341 


ps. 
3 


39212181 
3-9212701 
3-9213222 
3-9213743 
3.9214263 


8375 
pole 

8378 
[8379 
8380 
$381 
8382 
838; 
3384 
8385 


———_ 
3-921 5304 

9216345 
3.921 6865 


8351. 
352 
8353 
8354 
8355. 


8386 
8387 
8388 


3-9217385 
3.9217905 
3.921$425 
3.9218945, 
3.9219465 


| 8390 


— 


| 


8357 
$358 
8359 
8360 


$356| 


8391 
8392 


3.9219984 
3-9220504 
2,9221024 | 8393 
3-9221 543 | 8394 
5.9222063 | 8395 


837713 
3-9231404| . 


8389, 


Pe re——_————— 


349230367 
9230885 


3-9231922 


3.9232958 
399233477 
3-9233995 
3-9234513 
79235031 


3.9235549 
3-9236066 
3-973 6584 
3.9237 102 
3.9237620 


3.92 38655 
3-2239172 
3-923 96090 


$361 
$362 


8364 


1 $365 


$363 


3.9222582 | $396 
3.922302 | 8397 
3-9223621 ' 8398 


3.9224140 | 8399 


3.9240297 


3.92407 24 


— 


5.9241759 
99] 3.924227 6 


3.9224659 8400 


"3.9242793 


18227773] 


3.92298 48] 


3-9232440 


Cool 


39241242] 


þ 


4 


om con 
+* 


[3.924460 


Logarithm, 

3+9243310 
3-9243827 
39244344 


3e9245377 


3.9245894 
$-9246410 
39246937 
3.9247 444 
3.9247960 


3-924 8476 
3-9248993 
3.9249509 
3.9250025 
3.92505 41 


349251057 
3.9251573 
3.9252089 
3.925 2605 
3.9253131 


| 


$.92530637 


213-9254152 


3.92 54668 


113.9255184 


3.9256215 


7 13-9256730 


$9257 245 


[3-9257761 


3.9258276 


3-9258791 
3.9259306 
3.9259821 
3.92603 36 


3.9260851 


| 


$8436 
34.37 
$438 


8439 
8440 


8441 
$4.4 


8444 3-9265482 


8455 


| Co. 


Logartihm, 


[3-9261 366 | 8471 


3.9261880 
3-9262395 
3-9262910 
3.9263 434 
3-9263939 
3-9264453 
3.9264968 


3,9205 997 
3-2266F11 
3-9267025 
3-9267539 
3-926805 3 | 


3-9269081 
3-9269595 
3-927 0109 
3.927062.2 
3.9271136 | 


84.56 
8457 
8458 
8459 
8460 


| 


13.9276270 


3.9271650 
3.9272163 
3.9272677 
3.9273190 
3-927 3794 
39274217 | 
3.92747 30 
3-9273243 
3-927 3757 


3.9268567 | 


(Num. 


8472 
8473 


3-927 9347 | 
3.9279859 
3-9280372 


3-928r 397 


3-9281909 
3.9282422 | 
3-9282934 
3-92 83446 
3.9283959 


3-9284471 
3.9284983 
3-9285495 
3.9286007 
3-9286518 


3-9276783 


3-9277296 | 8502 
3.9277 808 | 8503 
3.9278321 | $504 
3-9278834 | 8505 


8501 


| 


2[3-9290100 


— 


$-9287030 
3.9287542 
3.928805 4 
3.9288565 
39289077 


3.9289588 


$.9290611 
3.9291123 
3.9291634 | 


3-9292145 


3-9293167 
3-9293678 
3.9294189 


3.9294700 
3-9295211 
3.92957 22 
3-9296233 


3.9292656 18 


Logarithm, Num.j Logarnbm. | 
850613.92972 54 
8507|3-9297764. 
$508[3.9298275]. 
3-92$0885 | 8 


3-92.987 85 
3.9299296 


3-9299806| 
3-9300316 
5-03008a6 
3.9301336 
3.9301 £47 


—_— 
3.9302866 
3-9303376f 
3-9303886 
3-9304396| 


3.929674 3 


| 


3.9304906F}. 
3-9305415 
3.9305925 
3.9306434] 
3-93 96944 


_—_— 


— 


3-93.07453” 
3.9307963 
3.9308472} 
3.930898 1] 
3.9309490 


3.9309999 
3.93 10508| 
3.931 1017] 
3-9311526 

3-9312035 | 


3.9312544 
3.931305 

3.9313561 
3 9314070] 


39314579] » 


bv. | 2 


Kam.; 
8541 
$542 
18543 
$344 
8545 
8546 
8547 
8548 
8549 
[8550 
$551 
$552 
8553 


18555 
43556 
8557 
8558 
8559 
8560 
$561 
8562 
$563 
8564 
8565 


B567 
8568 
8569 


$70 


8554 


8566 


14 x 
en 
32-9315596 
3-93 16154 


$,9317121 
3-9317629 


3.93 18645 
39319153 
7.93 19661 


3.93201 69 
3-9320077 
3.9321185 
3.9321692 
3.9322200 


3.9322708 


2.9323723- 
3.9324230 
3-9324738 


| 9.9325245 
3-9325752 
3.9326259 


3-9327274 


3.9327781 | 
3.932 82.88 
93287 95 
3.932930T 
3.932 9808 


8571139330315 
$572|3.9330822 
857313 9331328. 
8574/3.9331835 
$575t3.93 32341 


3.9318137 | 


"Num | Lagerithm, | 
3-9332545 
857713-9333354 


8578}3.9333 860 
3.9316612 | $: 


$.9334367 
7.93 348373 . 


3$.9335379 
3-93 35885 
3.9330392 
3.9336897 


8586} 3.93 37909 


3-9338415 
| 3.9338920 
3.93 39425 
3.9339932 


[3-9323215 8 


3,93 26767 | 


3-9340437 | 
1.9340 943 
3.9341448 
3.9341953 
3.9342459 


3-9 342964. 
3.9343 974 


3.9344479 
2,9344984. 


3-9337403 | 


3.934 3469 ; 


. | Lagerithis 


— — - - — ——— 


3-9 3505 30 
3.935 1940 


9 3.935 4569 


7:9351544 |. 
2.93 52049 | 864 


7-93 52553 


3-9353057 
[3-935 3 561 
7.93 54065 


3.93 55073 


7$-9355570 
3.9356080 | 
3.9356584 
3.935 7087 
3-9357591 | 


[7.935 8095 
3-9358598 
3.9359101 
3.935 9605 
3.93 60108 


3|3.9361617 
3.9362120 | 8669 
q 39362623 $670; 3.93 80191 


3.9360611 | 
3.9361114 


"Num. [Logaithn 


8650 


$646|3.93681$2 
8647| 39368655 


3.9369757] 
3-9369659 
$.9370167T 


| 8651 
8652 
8653 
8654 
8655 
$656 


8657 
8648 


| 8659 
86 


3-934 5489 
3-93 45994 
3-934 6499 
3-93 47004 
3.9347509 


| 86061 7.9348013 
86071 3.934 8518 
3.934.9022 | 


3.9349527 


| 861013.9350032'| 


$8 3.93647 32 


2.9363126 
2.9363629 | 


79364635 
[2.93651 37 


3.9265 640 


=: 


3.93667 43 | 
[3-93 66645 } 
3.9367145] 
'8680|2.9384197 


3-9370663 
3.9371165} 
3-9371667| 
3.9372169 
3-9372671 


3$.8373172 


3.937 3074 
3-93741 c 
3-9374977 


3-9375179| 


3.937 5680 
3.9376182/ 
3.937 6683 
[3-237 7184 
3-937 686 


3.93781 87 
3.937 868% | 
3.937913g 
3.937 $690! 


13-9381193 


3.9380692 


2.938169; 
3.93821 94] 
2.93 32695 


3.9383195| 
3.9383696|| 
3.93841 
3.9384697 


2.92 67650 | 


7-93 Ho 


»9386698 
3.9387198 
3-9387698 


3.9388198 
$-9338698 
3.93 89198 
3.93 39698 
3.9390198 


3.93 90697 
3-9391197 
3.9391697 

$.9392196 | 
3.9392696 


7.9393695 
3.9394194 
3.9394693 
$.9395193 


$.9395692 
3.9396191 
3-93 96690 
3.9397 189 
3.93976$$ 


J. 0398187 
3.9 398685 
2.93991 84 
3-9399683 
3.9400182 


8706 
8707 
[8708 
8709 
8710 


— 


8711 [3.9400680 
87r2[3.9401179 
$71313.94901677 
8714[7.9402176 


3.93 86198 * 


| 
| 


3-9393195 


| 


87191394 
| 8720[3-940 
8721 
. 8722 
8723 
$724 
8725 


940FI 


3.9405 663 
3.94061 61 


i_ 
8727 
$728 
872 

$730 


[3.9409645 


8731 
8732 


[87 I5|3.9492674. 


3-2411635 
3.9412132 


8733 
8734 
8735 


Gm 


7.9413126 
7|3-9413623 


bo 


8738 
$739| 
8740! 39415114 


hs) 


$741] 3.9415611 
8742] 3.9416108 
874313.9416605 
8744|3.9417101 
87453-9417 598 


DO — 


8746! 3.941 8095 | 8781 
8747|3-9418591 | $782 
$74$|3.94 19088 | 8783 
8749|3.9419584 | 8784 
8750] 3.9420081 | 87851: 


Fm — 
8717139493670 
8718139404169 


3-9406659 
3.9407157 
3.9407654 


3-9408152 
3.9408650 
3-2409147 
7.9410142 | 


3-941064.0 
3-9411137 


3-9412629 


3.9414120|8 
3.9414617 | 


8776 


8777 


8778 
8779 
8780 


—— 


| Logorichm, 
| 3-9420577 
3.9421073 
3-9421569 
3.9422065 


3.9422561 


3$-9423058 
3-9423553 


8$| 3.942404 9 
3-9424545 | 37 


3.942 5041 


3-9425537 | 
3.9426032 
3-9426528 
3-9427024 
3-9427519, 


$9428015 
3-9428510 
3.9429005 
3-9429501 
3-94 29996 


3-9430491 
3-94 30986 
3-9431481 
3.9431976 | 
39432471 


3.943 2966 


3.943 3461 


7-943 3956 
3-9434450 
3-94 34945 


3-24 35 440 


3-9435934 | 


3.943 6429 
3.943 6923 


| Nom.y L oxaroom, 
3+9437912 
3-943 $406 
3-243 8900 
913+94 39395 
3-9439280 
— 


$7806 
2 
87 
8789 


8790 
8791232440383 
8792[ 242440877 
$79313-944137 1 


| 8795 


2 — 


8796 
8797 
8798 


3.9442852 


3-9444827 


3.9446307 
3:9446800 
369447294 


394482 80 
32448773 
3 -2449266 
3+9449759 


3.9450252 
3.9450745 
369451238 
302481730 
3.945 2223 


3.9452716 


813 9453701 
3.94 54192 
3 9454636 


3.9437415 


—_— RK — —_——— 


94|3 .944I1865 
3-9442358 


329443346 
3-:9443840| 
8799[3-9444333 


| 


39445320] 
3-9445814 


I 
3-9447787| 


3.945 3208] 


| 


8827 
8828 
18829 
18830 


+4883 I 


Num. | Logerithm. 


139455178 


3:9455671 
3-9456763 
3-945 6655 
53-9457 147 9457147. 


39457639 


3.9458131 
3-94 58623 


3-945 9607 


3.9461574 


[3 \O_S2008)} 


1884142. 


3494625 57 1 
3-9463048 
2.9463540 
3.946403 1 
3-9464523 


3.9465 996 


3.9466487 
3 9466978 


3.9467469 
3.9467 960 
292468451 
3. 


3:9459433 


3.9469923 
3.9470414 
3-9470905 
3.9471395 


2.9471 886 


3-9460099 | 
[3-9460591 
[3,9461082 


5014 / 
3-9465 505 


| Log ar ithm. | 


3.9459115.4- 


—— 


88501 3.9472376 
B8571 39472866 , 
_ 3-9473357 


3-947 3847 
94743 37 


39474827 | 
3-947 5317 
3.947 5607 
3.947 0297 
3.947 6787 


13.948 1194. 


12,9484130 


3-9477277 : 
3-947 7767 
3-947 8257 


39479726 
3.9480215 
3-9489705 


3.948 1684. 


3.9482173 
3.94 32662 
3.9483151 
3-9483641 


3.9484619: 
3-9485108 
3-2435 597 
3-94 86085 
394865 74 | 


8886 


88871 3-9487552 
88881 3.94 $8040 


8889] 3.94885 29 


3.9487063 


2.947 8747 | 8 
3-9479236 | 


Num, TLogerichm. 


Yum. [Logarichm, 


$591 
8892 


8896} 


(3-9459 $00 


3-9489994 


8893 3-9490483 
4-9490971 


3-9491460 


3-9491 948 
3-9492436 
3-9492924 
3-9493412 | 
3.9493900 


wot! 


| 
3.9494.388 
3-9494.876 
3.94953 64 


3:9495851 | 
3-2496339| 8 


$926 
8927 
8928 
8929 
8930 
8931 
8632 
8933 
$934 
8935 
2936 
8937 
8938 
8939 


7.94 96827 
3-9497314 
3.9497 892 
3.9498290 
3-9498777 


7.9499264 
3.9499752 
3-9 500239 
7.9500726 
3.9501213 


2,9501901 
3.9502188 
3.9502675 
2.9503 162 
3.9503649 


3.9504135 
3.95 04622 
3. 950F IO9 
3.9505 596 


2.9506082 | 


| 3-9506569 
39507055 
3-9507542 
3-9508028 
3e95O8515 


3-9509001 
3.95 09487 
3$-93J09973 
3-9510459 
3-9510946 
3.9511432 
3.9511918 
3-95 12404{ 
3.9512889 
3-9513375 


3.9513861 
3-9514347 
39514832 
3-9515318 
3.9515803 


dd 
3.95 10774 
3,9517260 
3-9517745 
3.9518230 
3.9518716 
aehery 
3.95 19686 


[3.9520171 


7.9520656] + 


39521141 
3.9521626 
3.9J22111 
3.95 22595 


2.9523080 


8890{ 3.948g9018 


$961 
8962 
3963 
8964 
38965 
[8565 
8967 
8968 
8969 
8970 
8971 
8972 
8973 
8974 
8975 
8976 
8977 
8978] 
8979 
8980 


8981 
8982 
8983 
8984 
the 
8986 
8987 
8988 
8989 
8990 
$991! 
8992 
8993 
5994) 
8995 


Num 


3-9529377 
3-95 30345 


3.9530828 
3-95 31312 


3.9532280 


3-9533247 
3.95 33730 
3-95 34214 
5-95 34097 | 
3.9535181 


3-95 35664 
1.9536147 
3.9536631 
3.9537 114 
3-9537597 


Logarithm, 

3-9523505 
3-95 24049 
39524534 
3-9525018 | 
3.9525 503 


39525987 
3.9526472 
3-9526956 
3-95 27440 
3.9527924 


3.9528409 
3.952885 3. 


3.9529861 


3.9531796 


3.95 32763 


2.95 38080 
3.9538563 
3-9539046 
3.9539529 


| 


| Num.j Logarithm: 
8996|3-9542494 {| 993113 


$997 [3-95409977 


899 


9O0OO0OO 


pe EET 


3-954 1460 


8999{ 3.954194 3 


3.9542425 


9001 
9002 
9003! 
9004 
9095 
9006 
9007 
9008 
900g 
gorof 
90In 
9012 
9Ol3 
9014 
| gots 
9016 
9017 
9018 
gong 
9020 
9021 
$9022 
9023 
9024 
9025 


9026 
9027 
9028 
9029 


12.9540012 


9030! 


3-9542908 
3.954390 
7-9943872 
3-9544355 
3-9544837 | 


3-9545319 
3-954 5802 
3-9546284 
3.95 46766 
3-95 47248 | 


$-95477 30 


3.954$212 
3.9548694 
3.9549176 
3-9549657 


3.9550139 


3.9550621 
3-955I1102 
3-9551584 
3.95 52065 | 
3.955 2547 | 
3.955 3028 
3.9553510 
3.95 53991 
3-95 54472 


3.95 54953 
3.95 5 $434 


j 


39555915 


3.95 56397 | 9064] 
3. 9556877 | | 9065 


"1 Num. Logerithm, 
3-95573 50 


9033 
9033 
9934 
9035 
9036 
9037 
9038 
9039 
9040 
9041 
9042 
9043 
9044/ 
9045 
9046 
9047 
9048] 
9049 
905JoO 
9051 
9052 
90F 3 


53 
39557839 
395583 23 
3.95 58800 
3-9 559282 


Num 
9 266 
9067 
9068 
906g 
9070 


3-95 59762 
$.956024 3 
3.9560723 
3.95 61 204 
3.95 61684 


3.9562 I65 


39562645 | 


3.9563125 
3-2563605 
3.9564686 


3.95 64566 
3.95 65046 
$.9565 526 


3.9566006 


3.95664.386 


9071 
9072 
9073 
9074 
9075 
9076 
9077 
| 9078 
| 907913 
9080 


9021 


1 Logarithm 


—— 


5.9574157 
3-9574636 
J*e2S7FLIF 
3:9575594] 
3-957 6073 


3.9576552 
3-9577030 
3$-29577509 
3-95 77985 
3.9 578466 


3+257894 5 
3-9579423 
3-95 79902 

3-9580380 
3-9580858 


en | 


3.9531337 


ou” 


horns 
go85 


3-25 66956 
3-95 67445 
3.95 67925 


9054| 
90553 
9056 
9057 
9058 
9059 
9060 


3.9568405 
3.95 68885 


3-9509364 
3-95 69844 
2.9570323 
3.9570803 
79571282 


—_— 


9986 
9087 
9088 
9089 
9090 
90911 
9092 
9093 
9994 
9095 


9061 
9062 
9063 


3.9571761 
3.95 72241 
3.9572720 
3.9573199 
3.9573678- 


9096 
9097 
9098 
9999 


ionnong 
3 13-95 82294] 
3.9582771 
3.9583249 


3.9583727 
3-9584205 
39534633 
3.9585161 
3.9585639 


2.9586117 
3.95 865 94 
7-2597072| 
3-9587 549 
_— 


3.9588505| 
3.95 388982 
3.95 89459 


| 9100 


3.9589937 
3-9590414 


""Rxxx3 


Num. 


ageriebm: 


910113.9599891 
910213.9591368 
9103139591845 


9105 


9106 
9107 
19108 
9109 
9110 
19111 
0112 
9113 
9114 
gry 
9116 
9117 


910413-9592322 


3.95 92799 


3.9593276 
3.9593753 
3.9594230 


3.9595 184 


3.9595 660 
39596137 
3.95 96614 
3.9597 090 
3-9597567 


3.9598043 
3-8592520 


9118 
9119 
9220 
9121 
9122 
9123 
9124 
19125} 


9126 


3.95 98996 
3.95 99472 
3.95 99948 


3.9600425 
3,9600Yyo1 
3.9901377 
13.9601853 
39602329 


3.9602805 


9127| 


9128 
[0129 
9130/3 
9131) 
0132.3 
2133 
9134/3 
9135 


3.960 3280 
3:9603756 
3.9504232 

3.9504708 


3 9605183 
3.9605659 
3.9606135 
.9506610 
3.9607086 


3.9594707 | 


9136 
uh 

138 
9139 
9140 


| Nam 1 Logarichm. 


3.9607 561 
3.9608036 
3.96085 12 
3.9608987 
3.9609462 


3.9609937 
3.96104.12 
3.9610887 
3.9611362 
3.9611837 


- 


3.9612312 
wr 
3.9613262 
3.9613736 
3.9614211 


3.9614686 
3.9615160 


3,.9616109 
3.9616583 


3.9615635F | 


Num. 


erithm. 


917113.9024107 
9172[3.9624640 


917313.9625114 
9174\3.9625587 


9175 


3.9626061 


9176 
9177 
9178 
9179 
9180 


9181 
9182 
9183 
9184 
9185 


9186 
0187 
9188 
9189 
9190 


3.9617058 
3.9617 532 
3.961 8006 
3.9618481 
3.961895 5 


3.9619429 
3.9619903 
3.9620377 
3.9620851 
39627325 


3.9621799 
3.9622272 
3.9622746 
3.96533220 
3.9623693 


9191 
9192 
9193 
9194 
9195 
9196 
9197 


9199 
9200 
9201 
9202 
9203 
9204 


9198, 


3.9626534 
3.9627007 
3.9627481 
3.9627954 
3.9628427 


3.9628900 
3.9629373 
3.9629846 
3.9630319 
3.9630792 


3.9631264. 
3.9631737 
3.9632210 
3.9632683 
3.9633155 


3.963 3628 
3.9634100 
3-96 34573 
3.963 5045 
3.9635517 


3.9635990 
3.963 6462 
3.9636934 
3.9637406 
3.9637878 


3-9638350 
396388 22 


3.9639294 


9205| 


3.9639766 
3,9640238 


Num. Corartba, 


9206 
9207 
9208 
9209 


hams 


9211 
9212 
9213 
9214 
9215 
9216 
9217 
9218 
9219 
9220 
9221 
9222 
9223 
9224 
9225 


9226 
9227 
9228 
9229 
9230 
9231 
9232 
9233 
9234 
9235 
9236 
9237 
9238 
9239 
9240 


[3-9640710 


3-9641187 
3-9641653 
3,9642125 
3-9642596 


3,964.3 068 
3.9643539 
3.9644011 
39644482 
3.964495 3 


3.964 5425 
3.9645896 
3.9646367 
3.9646838 
3.9647 309 


nn m— 
_——_ md 


3.9647780 
3.9648251 
3.96487 22 
3.9649193 
3.9649664 


3.9650134 
3.9650605 
3.9651076 
3.9651546 
3.9652017 | 


3.9652488 
3.9652958 
3.9653428 
39653899 
3.9654369| 


3.9654839 
3.9655309 
3.9655780 
3.9656250 
3.9656720 


9341 


Num. 


——_—— 


| Logarithm. 
3-90J7190 
39657660 


9242 
9243 
9244 
9245 
9246 
9247 
9248 
9249 
9250 


4 


9264| 


3-9658130 
3-9658599 


3.95595 39 
{.9060009 
3.9660478 
39660948 
3.9661417 


3.9661887 
3.9662356 
3.9662 826 
3.9663 255 
3.9663764 


3.9664233 
3-9664703 
3.966FI 72 
3.966564 1 
3.9666110 


3-9666579 
3.9667048 
7.96675 17 
3.9667985 


3.96684 44 


3.966892 3 
3.9669392 
3.9669860 
3.9670329 


3.9670707 


349671266 
7.96717 34 
3.967220 3 
3.9672671 


3.9073139 


3-9659069 | 


9276 
| 9277 
9278 
9279 
0280 
9281 
9282 
9283 
9284 
9285 


— _—— 


9286 
9287 
9288 
9289 
| 9290 
9291 
9292 
9293 
9394 
| 9295 
9296 
9297 
9298 
9299 
9390 
| — 
903OI 
90302 
9303 
9304 
9305 


Num. 


' Logarithm: 

3-967 3607 
3.9674076 
3-9674 544 
3,.9675O1I 2 


3.9675948 
3.9676416 | 
2.967688 3 | 
3.9677351 
39677819 


3.9678287 
3-9678754 
3-9679222 | 
3.9679690 
3-96801 57 


7.9680625 
3.9681092 
3.9681559 
3.9682027 
3-9682494 


3.9632961 
3.9683428 
3.9683 895 
3-9684.362 
3.9684829 


_— 
3.968 5763 
7.9686230 
1.9686697 
3.9687164 


9306 


3,.9687630 


9307|3.9688097 
 9308[3.9688564 
9309] 3.9639030 
9310) 3.9689497 


3.967 5480 | 


O31 
9312 
9313 
9314 
9315 
9316 
9317 


9319 
93 20 
9321 
9322 
9323 
9324 
9325 
—— 
9326 
9327 


9329 
9330 
9331 
9332 
9333 
9334 
9335 
9336 
9337 
9338 
9339 
9340 


Num. 


| 0318[3.9693227 


9328 


| Legerizhm. 
[3-9689963 
3-9690430 
3-9690896 
3.9691 362 
3.9691 829 


3.9692295 
$.9692761 


$,9693693 
3.9694159 


39694625 
3.9695091 
3.9695557 
3.969602 3 
3.9696488 


3.969695 4 | 
3.9697420 
3.9697885 
3.96983 51 
3.9698816 


3-9699282 
3.96997 47 
3.9700213 | 
3.9700678 
39701143 


3.970160$ 
3-97 02074 


Num. 
9340 
9347 
9348 
9349 
9350 


| 5546397 


9351 
9352 
9353 
9354 
9355 


9356 
9357 
9358 


9359 
9360 


9361 
9362 
9363 
9364 
9365 
9366 
9367 
9368 
9369 
9370 
9371 
9372 


4.97025 39 
3.9703004 
7.97 03460 


9341 
9342 
9343 
9344 
9345 


$.9703934 
3-9704399 
3.9704863 


3.9765 328 
3.9705793 


9373 
9374 
9375 
9376 
9377 
9378 
9379 


Þ. 


Logaritbm 
3.970625$ 
3-9706722 
3-9707187 


3.9708116 


}.9708581 
3.9709045 


3-9709974 


3.97104.38 


+97 10902 
3.9711366 
3-9711830 
3-97 12294 


3-97 12758 


3.9713222 


3,.9713686j 


3.9714150 
3.9714614 
3.97 15078 


3.9715 542 
3.97 16005 


3.9716469] 


3.97 16932 
3-9717 396 


39717859 
3.9718323 
3-9718786 
3-9719249 
3.9719713 


3.9720176 
3.9720639 
1.9721102 


9380!2.9722025 


3-9721565 


3.97076521! 


3$-97095 09] 


| 


| 


XR xXxxXxX 2 


{Num.; Ligeritbm. 


9351 
9382 
9383 
9384 
9385 


93 87 
9388 
9389 
[9390 


93861397 


3-97 22491 
3.9722954 
3.97 23417 
3.9723880 
3.97 24343 


24805 
3.9725268 
39725731, 
39726193 


9391 
9392 
19393}3 
9394 
9395 
(9396 
9397 
9396 
9399 
940 


9401 
9402 
j9493 
ho 
9405 


39737118 
3.9727581 
3.9728043 
3s 97285 O6 
3.9728968 


3.97 29439 
3.97 29292 
3.97 30354 
3.97 30816 


39731278 


3.97 31741 
3.97 3 2202 
3.97 32664. 

3.97 33126 
3.9733588 


[9408 
(9429 
9410 


9406 3.9734050 
940713.9734511 
3.9734973 - 


3.9735 
3.9735 4 


9411 
94.12 
9413 
9414 
9415 


3.97 26656 | 


3.9736358| 
3.97 36819 
3.97 37281 
3.97 37742- 
12,9738203 


Num. | Logarithm. 


9416 
9417 
9418 
9419 
9420 


3.97 38665 
3-97 39126 
3-97 39587 
3.9740048 
3.9740509 


| Num.j Logarithm. 
945113.9754778 
945213-9755237 
945 313-975 5697 
9454|3-9756156 


9455 


3.9756615 


90421 
9422 
9423 


9424[3 


9425 
9420 
9427 
94.28 
9429 
9439 
9431 
9432 
9433 
9434 
9435 


— —— 


9436! 


9437 
9438 
9439 
9449 
9441 
9 442 
9443 
9444 


9445, 


9446! 3-9752479 | 


3.97 49970 
3.9741431 
3.9741892 
9742353 
3-.9742814. 
3.9743274 
3-974-3735 


3.97441 906 


3.97 44656 
[3-9745 17 
[ante 25, Md 
3:9745 577 
3.9746038 
3.9746498 
3.9746959 
3.9747419 


3.9747870 
3.9748340 
3.9748800 
3.9749260 
3.9749720 


3.9750180 
3.97 50640 
3-97 $1100 
3.97 5I560 
3.9752020 


9447 13-9752939 


9445 


3.97533991 
9449[3.9753858 


945013.9754318 


| 9459 


9456 
9457 
-9458 


9460 
9461 
94.62 
9463 
9454 
9465 
9466 
9467 
9468 


9470 
0471 
9472 
9473 
9474 
9475; 


9476 


9469] 


3-9757075 
3.9757 534 
3-97 57993 


3.9758911 


3-97 59370 


3:9760288 


3.97 60747 
3.9761 206 


3.9761665 
3.97621 24 
3-9762582 


3.9763 500 


3.9763958 
3.9764417 
3-9764875 
3.9765 334 
3-9705792 


3.9766251 
3.9766709 


8 3-9767167 


3.9767625 
3.9768083 


349768541 
3.9768999 
3.9769457 


13.9769915 


3 «9770373 


3.97 58452 


3.9759829 | 


3-9763041 


| 
| 


um.] Lopgarithm. 


9486 
9487 
os 


7 — 


9491 
9492 
9493 
9494 
9495 


9496 
9497 
9498 
9499 
9500 


———___ 


9501 


950213 


9593 
9504 
9505 


369770831 
39771 289 
39771747 
913977 2204| 
9013.97 72662 


39773120 
3-9773578 
3.9774035 
3+97 7 4492 
3.9774950] 


3.9775407 
3.977 5864 
3.9776322 
3.9776779 
3.9777236 


— 


3-9777 693 

9778150 
3.977 8607 
3.9779064 
3.9779521 


9506 
9507 
9508 
9509 
9510 


3.9779978 
3.97804.35 
3.9780892 

3.978134 
3.978180z| 


9512 
9512 
9513 
9514 
9515 


9516 
95F7 
95 x8 
9519 
95.20 


A — 


3.0782262 
3.9782718 
3.9783175 
3,9783631 
3.9784088] 


3.97 84544 
3.97 85001 
39785457 


3-9785.913 
3 9786360] 


Num-| Logarithm. 

oy2T 3-97 86826 
9522| 39787282 
9523139787738 
952413-9788194 
9525|[3+9788650 


- [9526[3-97 89106 
9527|3-9789562 
9528| 3-97 99017 
9529| 3-97 90473 
953013-9790929 
9531 3-9791385 
9532]7-9791840 
95331 3-9792296 
9534|3-97927 51 
95 3513-9793 207 


95 36|3997 93663 
95 3713-97 94118 
953813-9794573 
(9539[3-97 95028 
9540] 3-9795484 


——_ 


954113-9795939 
95421 3-9796394 
95431 3-27 9684.9 
95444 3-9797304 
954513-9797759 | 


9546] 3-9798214 
9547| 3-97 98669 
9548{3.97 99124 
9549| 3-9799579 
95 50[3-9800034 
9551,3-9800488 
955213-9800943 
955313.9801 298 
95541 3.9801852 


| um.j Logarithm, | Num. Logarichm, \ Num.j Logarnbm. , 
9556|3-9802761 att vc ph 962613.9834459 
9557 3.9803216 95 9213-98 19092 | 9627 3.98 34919 
9558] 3-9803670 | 9593[3-9819544 | 9628|3.983 3361] 
"95 5913+9504125 | g594|3-9819997 | 9629[34983 5812] 
9560|3-9804579 | 959513-9820450 | 9$63013.9836263 


—— 


9561] 39805033 | 95961398 20902 j $631 3-98 36714 
956213-9305487 | 9597139821355 | 9632[3-983 7165 
9363] 3-9305942 | 9598] 39821807 1 963313-9837616 
95 64|3-9806396 | 9599/3.9822260 | 9634[3.983 8066) 
95651 3-9806850 | 9600|3.9822712 | 963513.983851; 


CY ET OC 


CO ———— 


9566| 3-9807304 | 9601|3.9823165 | 963613.98 38968 
956713-9807758 | 9602|3.9823617 | 963713.9839419 
| 9568 3-9808212 | 9603| 39824069 | 9638| 3.983 9969 
9569] 3-95808666 | 9604 3.9824522 | 9639 3-9840320| 
957013-9809119 | 96051 3-9824974 | 964013.9840770 


— 


9571] 3-9809573 | 9606|$.9825426 | 9641 3.9841 221 
9572|3e-9810027 | 9607|3.9825878 | 9642[3.9841671 
95731 3-9510481 | 9608[3.9826330 | 9643{3.9842122 
9574|3-9810934. | 9609[3.9826782 | 9644/3.9842572 
957513-9811388 | 9610] 3.98272 34. 9645|3-9843022 


9576} 3-984 841 | 961173.9827686 96461 3.9843473 
957713-9812295 | 9612[3.98281 38 | 9647|3.9843923 
9578| 3.9512748 | 9613|3.9828589 | 9648[3.9844373 
9579] 3-9813202 | 9614[3.9829041 | 9649]3 9844823 
9580) 3.981 3655 9615|3.9829493 | 965013:9845273 
958113.9814108 | 961613.9829945 | 965113.9845723 
9582] 3.9814562 | 961713.9830396 | 9652[3.9846173 
95831{3-9815015 | 9618! 3.9830848 | 965313.9846623 
9584[3-9815468 | 961913.9831 299 | 9654[3.9847073 
9585|3.9815921 | 962013.9831751 | 9655þ3 9847523 


—— 


———— 


9586{29816374 | 962113.9832202 | 965613.9847973] 
9587 39816827 9622] 3.983 2654 | 9657]3 09848422 
958813.9817280 | g623[3.983 310g | 965813.9848872} * 


955513.9802307 


9589[3.9817733 | 96241 3.983 3556 | 965913,9849332] * 
9590'3.98r8186 | 9625 2.9834007 | 966013 9849771 


——_— 
—— 


Logerith Num.[ Logerichm. Num. | Logercthm. | Num, um, [Logeriibes, 
39850221 |þ 3.9865 926 3-9581575 | 9766| 3.98971 67 
3.9850670 29866374 3.9882021 | 976713.9897612 
3-9851120 3.9866822. 3.988 2467 | 9768|3.9898056 
3.985 1569 3.9867270 1.9882913 | 9769] 3.9898501 - 
13.985 2019 3.9867717 3.9883360 | 9770 3.98989; 
6643.985 2468 3.98681 65 3-9883806 Jon 3-9899390 
3.985 2917 | 3.986861 3 3-9884252 | $772|3.9899835 
3.985 3366 3.9869060 813.9884698 | 97731 3-9900279 
3.985 3816 3.9869508 3.9885 144 | 9774\3-9900723 
3.98 54265 3.986995 5 39883590 977513-9901158 
3-985 47 14. 3-9870403 3.9886035 | 9776139901612 
3-98 55163 3.9870850 | 3-9886481 | 97771 3-9902056 
3]3-9855612 3.9871298 3.9886927 | 9778] 3.9902500 
3.9856061 3.987174 5 39887373 | 97791 3-9902944. 
3.9856510 3.9872192 3-9887818 | 978013.9903 389 
3.9856959 3.987 2640 3.98388264 } 9781[3.9903833 
39857407 3.987 3087 3.9888710 | 9782|3.9904277 
2.9857 856 3-9873534 3-9889155 | 078313-9904721 
39838305 3.9873 981 3.9889601 | 9784[3.9905164 
3-9853754 3-987 4428 | 3.9899046 | 9785 3-9905608 
39859202 | 3.9874875 9890492 | 978613.9906052 
3-9859651 3-9875 322 3.9390937 | 978713.9906496 
3.9860099 | 9718|3.9875769 3-9891382 | 978813,9906940' 
3.98605 48 3.9876216 3.9891828 | 9789[3.9907383 
3 9860996 3-987 6663 3.9892273 | 979013.9907827 
39861455 3.9877109 3.9892718 | 9791[3.9908270 
3.986 1893 3-9877556 3.9893163 | 9792|3.9908714 
39862341 3-9878003 8[3.9893608 | 979313.99091 58, 
3.9862790 | 3.9878449 7.989405 3 | 9794[3.9909601 
3.9863 238 79878895 3.9894498 | 9795|3.9910044 
3.9863686 7.9879343 3.9894943 | 979613,9910488, 
3.98641 34 713.9879789 3.9895388 | 9797 [3.9910931 
39864582 39880236 3.9895833 | 979813.9911374 
2.9865030 2.9880682 39896276 9799[3.9911818 
2.9865478 2.98$1128 2.9896722 |] 9$0013.9912261 


Num.| Logarizbm, | Son Legernde, Num.1 Logeriebm, | Numi.j Logaritbm. 
980 1|3-9912704 | 9836|3-9928185 | 9871|3.9943612 | 990613.9958983 
980213.9913147 | 9837|3-9928627 | 9872 3.9944051 | 9907 [3-9959422 
A 9803 |3.9913590 | 9838| 3-9929068 | 987313.9944491 | 9908[3.9959860 
] 0804(3-9914033 | 9839|3-9929510 9874139944931 | 9909[3-9960298} 

g980513-9914476 | 9840|3.9929951 1 9875|3.9945371 | 9910139960737 
| —C — — — — 

9806|3.9914919 | 984113-9930392 | 9876|3.9945811 | 991113.9961175 
| 9807|3-991 5362 9842[3-9930834 9877|3.9946251 | g912[3-9961 613 
9808] 3.991 5805 | 9843 3-993 1275 | 9878| 3.9946690 | 991313-996205 1 
g9809|3.9916247 | 9844[3.9931716 | 9879|3.9947130 | 9914 3.996248g 
9310] 3.9916690 | 934513.9932157 | 9880[3.9947569 | 9915 39962927] 
981139917133 | 9846|3-9932598 | 9881[3.9948009 | 991613.9963 365 
9812|3.9917575 | 9847|3-993 3039 | 988213.9948448 | 9917[3.9963803 | 
9813|3.9918018 } 9848] 3.993 3480 | 9883|3.9948888 | 9918[3-9964241 
9814 3.991 8461 | 98491 3.993 3921 | 9884[3.9949327 | 9919[3.9964679 
9815139918903 | 9850|3.9934362 ! 98851 3.9949767 9920|3.9965 117 


— ——— 


9816139919345 | 9851[3-9934803 | 9886/3,9950206 | 9921[3.996555 4 
9817|3.9919788 | 9852 3-993 5244 9887 |3.9950645 | 9922[3.9955 9921. 
981813.9920230 | 985313-9935685 | 9888 3-095 1085. 992313.9966430 
9819] 3.9920673 | 9854[3.9936126 | 9889[3.9951524 | 9924(3.9966868 
9820] 3.9921115 | 9855139936566 | 9890[3.995 1963 | 9925|3.9967 305 

[9821 A Dgaryen! 98 5613 — 9891 3.995 2402 | 9926;3.9967743 
9922] 3-9921999 | 9857|3-9937448 | 9892|3.9952841 | 9927|3.9968 180 
98231 3-9922441 | 985813.9937888 | 9893[3.995 3280 | 9928|3,9968618 
9824 3.992 2884 | 98591 3-9938329 | 9894| 3.995 3719 | 9929399690551 
98251 2.9923326 | 9860, 3.9938769 | 989513.9954158 | 9930 399694921. 
[9826 3.9923768 | 98611 3.9939210 | 9896|3.9954597 | 9931[3.9969930 
9827! 3.9924210 9962 7.993 9650 | 9397[3.9955036 | 9932 3.9970367 
9828, 3.9924651 | 986313.9940090 | 9898} 3.995 5474 | 9933;3.9970804 
9829] 39925093 | 98641 3.9940531 | 9899|3.9955913 | 993413.9971242| 
9830(3-9925535 | 9865|3.9940971 | 9900| 3.9956352 | 9935|3.9971679 


. 
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9831349925977 | 9866, 9941411 | 9901}3.9956791 IS 
9832|3.9926419 | 9867|3.9941851 | 9902[3.9957229. 9937|39972553 
983 3|3-9926860 | 9868(3.9942291 | 9903[3.9957668 | 9938|3 99792990 
9834|3.9927 302 | 9869 3.9942731 | 9904|3,9958106 [9939 3 9973427 
[9835139927744  9870|3.9943172 | 990512.9958545 | 994013 $073 864 


> = — ©» 


| Nom Log arithm. 


3.9974301 
942] 3-9974738 


3-9975174 
944| 3-9975 611 


3.9976048 


9946 3-9976485 


3.9976921 
3-997733 


9949] 39977794 
9950] 3.9978231 | 


3-997 8667 


995 24 3-997 9104 


3-9979540 
3.9979976 
3.9980413 


Num.[ Loger ithm. 
9956|3.9980849 


i 99571 3-998 1285 


995813.9981721 
9959] 3-9982157 
9960 349982593 


adn 
9962 
9963 
| 9964 
9965 


3-998 3465 
3.9983901 
3-.9984337 

3-9984773 
9966] 3.9985 209 
9967|3-998 5645 
9968: 3.9986080 


9969] 3.9986516 


3.9983029 


Num. | Logarithm. 


9976 29889564 


3-99857 357 
3-9987823 
3.9988258 
| 3-9988694 
3.9989129 


3-9990000 
3.999043Z 


9979 3.9990870 
9980| 3.9991 305 


19991740 
3-9992176 
3.9992G6II 


841 3.9993046 


3-9993481 


Num, DE. 


9986! 
9987 
9988 
99893. 
| 9990 


9991 


999213- 


9993 


9994[ 3. 
3.9997 $28, 


| 9995 


3-9993916 
3.9994350 
3-999478 5 


999613. 


9997 [3. 
999813. 
9999[3.9999566 
1000C[4, COOSOOO 


997013.99869 52 


| 
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ADVERTISEMENT 


CONCERNING ;THE ,.- 


LOGARITTHMS, 


Rendring them uſeful 194 00000, ut h 


A Number that conffterh of five places bring giveny, u fad the 


Find the Logarithm of the firſt four Figures, reje- 

ing the CharaQeriſtick ; then obſerve the Jifferance be- 
tween that and the next following, which multiply by 
the laſt Figure of the Number given, and cut off one 
Figure from the Produ@ towards the right hand;-rche reft 
add to the Logarithm of the firſt four Figures, Laſtly, if 
you prefixt the proper CharaReriſtick for the Number gi- 
ven, that Logarithm ſo ordered, is the number ants. 


Example, 19438 being propounded, I demand the Loga- 
rithm thereof : By the direQion fore-going I find the Lo- 
garithm of the firſt four Figures,viz. 1943, to be ( rejeing 
the CharaReriſtick ) 2884728, alſo I ſee the difference be- 
tween that Number 26d the Number following to be 
2335, which I multiply by the laſt figure of the Number 
propounded,being $8 ; and that ſum is 17880. Wherefore.I 
add 1788 to 2884728, and prefix before it the proper Cha- 
raceriſtick for the Number given, which muſt be 4 — be- 
cauſe that is the Characteriſtick for all Numbers from 
10200 tO 100000, (0 is produced at laſt 4, 2886516, which 
is the Logarichm for 19438, as was required, x 


Yyyyy Again,, 


SO) 


wo be required fo Ps "yr W/ for 56724, 


| Gnoing found the Logarithm of the firſt four figures to- 
ne 7637 Us: and the'difference between'that and the next 
multiplied the difference by 4," tie 12ſt figure of 
th qo ovenaded. of which adding 306 to 7537362, 
they make 75 $37668, before which prefixing the CharaQe- 
rick the 42 the a— for 56724 will be 4, 7537668, the 
thing req | 
And _ 94 79 $ ie will be found AS & 


' Eglesfield, and are to 


Theſe Books. following are Printed for, and to be ſold by 
Francis Eglesfield a# the Sign of the Marigdld © 

in St. Paul's Church-yard, 
FE Fables in Proſe and Verſe, Illuſtrated with Em- 
blems or Pictures, and alſo Grammatically:Tranfla- 


. ted into Proſe, with apt"Morals, and Printed according 


to the order of the Latine-Copy, Together with the Hi- 
ſtory of his Life from the beſt Greek Copies, very uſeful 
for all, but eſpecially for young Scholars. Lot 
Note, There is lately crept forth a Counterfeit thing 
under the Title of Eſops Fables, and the better to colour 
the Impoſture, it is pranked up in the ſame Volame and 
Dreſs with the true: whereas the ſame is none of Eſop's, 
but a confuſed Fardle of nonſenſe ſcrap'd from Poggias and 
the Sever wiſe Maſters, unworthy of Eſop's name ; and no 
more his than Scoggins Tales, or the Legend of Grannum 
Shipton. 
he true one hath Eſop's. Piture on a Copper Cut, and a 
Greek Sentence in the Title Page, and is both in Verſe 


- and Proſe, the Authors Life being at the latter end, and 


newly reprinted the _— time by 7. R. 1673. for Francis 
ſold by him at the Sign of the 
Marigold in St. Pauls Church.yard,/ 

Formule.Oratorie, in uſum Scholafum concinnate, cum praxi © 
uſu carundem in Epiſtolis,Thematibus, Declamationibus conteren- 
dis: Acceſſit Dux Poeticus cum ſuis aliquot poematiolis; Editio 11.ns- 
viſſima Authoris lim4 expolitis per Jo.Clarke 3,0, in Twelves: . 

The Young Mans Memento ſhewing how, why,and when, 
we ſhould remember God, 

The danger of being almoſt a Chriſtian, 

A word to 1ſree/ in the Wilderneſs; Or the 

Araignment of Unbelief: All three by Jobs Cheſball,late 
Minifter of Tiverton in Deven,in Twelves, _ 


CGE ESE DEP” 5s $1 
_ | c 
. The Epglih. Rudiments & the-Latine Tongie, ex- 
ained by Queſtion and Anſwer, in ORtavo, 
_ Rhetorice \ bor by #illiew Dag «rd, late 


mo of Merchane Tailor « an YO ſtitcht 6 > 
A gp; + wane y Joba Earn, late Maſter of Faro h 
The occomplibet Accomp hy moſt 
' + S U@.2CCO e comptant, being 4 compen- 7 
dious and eafie way of keeping oder, Accompts afrer 
theItalianmapner, by Fohs Carpenter Merchant, in Folio. 
_ © The Mapof England, with all the Kings'abour it fince 
the Conqueſt, and a deſcription. of them, being che beſt - 
that is extant, by millicn Heller. Lott £400 | 


_ - Phraſeolagi# Pucriles, ſive Sermones, or (ele&t Latine and 
__— .- . Bog Fireles, Methodically and-Alphaberically dige- 
ſted by way of Common place; for the more eaſie finding 
what.is delired, very uſeful for young Latiniſts, to prevent 
Barbariſm and bald Latine making, and to initiateichem 
* in ſpeaking and writing cligantly in both Languages, þy 
£1 Joba Clarke BeD, The fourth Edition, recognized and 
MW * amended, and above ſeven hundred choice Phrafes added; 
in QOcavo. -;. LatHT v5 
- - The Girandevr and Glory of: Fravce, or a.new farvey of: 
the Preneh- Court and Camp, Wuſtrared with: the parti-. 
cular Characters of his maſt Chriſtian ens one Reign- ' 
iog,his Conſort Raye); the Dauphin'of. the blogd, Grand 
Miniſter. of State, Chirf Martial, Officers and Offices by 
Sea. avd Lang; with-ſeveral choico Remarks.on the-Poli- 
£165 andipeeſent Aﬀaits of that' Paifſanc Monarchy, 'by 


- : * # 
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